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ABSTRACT 


Osteological features of cynodontine species and other characiforms were examined in order 
to investigate the monophyly of the Cynodontinae and the relationships among its species. A 
number of derived characters corroborated the hypothesis that the Cynodontinae and its three 
included genera Cynodon, Rhaphiodon, and Hydrolycus are monophyletic. Hydrolycus armatus 
is the sister group of H. tatauaia; H. scomberoides is the sister group of the clade formed by 
the latter two species; and H. wallacei is the sister group of the clade formed by H. armatus, 
H. tatauaia, and H. scomberoides. Rhaphiodon vulpinus is the sister group to Cynodon, and 
together they are the sister group to the clade formed by Hydrolycus species. 

Three Cynodon Agassiz, 1829, species are diagnosed. Cynodon gibbus Agassiz, 1829, oc- 
curs in the Rio Amazonas and Rio Orinoco basins, and the Rupununi River, Guyana. Cynodon 
meionactis Géry et al., 1999, occurs in the upper Maroni River, French Guiana, and C. sep- 
tenarius, new species, occurs in the Rio Amazonas and its tributaries between the mouths of 
the Rios Ica and Tapajés, in the Essequibo and Demerara rivers in Guyana, and in the upper 
portions of the Rio Orinoco basin. 

Rhaphiodon Agassiz, 1829, is monotypic with R. vulpinus being the most widely distributed 
cynodontine, its distribution extending to the Rio Parana-Paraguay, and Rio Uruguay systems. 
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INTRODUCTION 


Fishes of the Cynodontinae Eigenmann, 
1907, comprise a group of very distinctive 
Neotropical characiforms easily recognized 
by the oblique mouth and highly developed 
pair of dentary canines in all members of the 
subfamily. These predators can reach consid- 
erable size: Hydrolycus species achieve at 
least 650 mm SL. Although not much valued 
as food, some species may have some im- 
portance in subsistence and commercial fish- 


eries (Mendes dos Santos et al., 1984; Tap- 
horn, 1992). 

Cynodontines live in mid- and surface wa- 
ters of rivers, lakes, and flooded forests in all 
water types, throughout the Rio Orinoco and 
Rio Amazonas basins, and in the rivers of 
the Atlantic slopes of the Guianas (fig. 1). 
Rhaphiodon vulpinus ranges southward to 
the Parana-Paraguay and Uruguay basins, 
and Cynodon gibbus eastward to the Rio Pin- 
daré in the state of Maranhao, northeastern 
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Fig. 1. 


Map of South America showing geographic distribution of the Cynodontinae; recent species 


(filled in circles), and fossils (stars). Some symbols represent more than one lot of specimens or locality. 


Brazil. No cynodontine has been reported in 
the Rio Sao Francisco basin or in the re- 
maining Atlantic coastal drainages south of 
the Rio Parnaiba in northeastern Brazil. Re- 
cent cynodontines are unknown also in the 
trans-Andean Pacific and Caribbean drain- 
ages. Lundberg (1997), however, reported 
fossil teeth, assigned by him to Hydrolycus, 
from the Miocene La Venta fauna, located in 
the present Rio Magdalena valley of western 
Colombia. Additional fossil teeth assigned to 
the Cynodontinae come from the Middle 
Miocene Anta Formation at the Quebrada de 


La Yesera, Salta, Argentina (Cione and Cas- 
ciotta, 1995), and from late Miocene fluvial 
beds near the city of Parana, Entre Rios, Ar- 
gentina (Cione and Casciotta, 1997) (fig. 1), 
areas outside the known range of recent cy- 
nodontines. 

Recognition of the Cynodontinae includ- 
ing Hydrolycus, Cynodon, and Rhaphiodon 
as a natural group has never been debated, 
probably as a consequence of the similarities 
in body shape and general external features 
shared by all species, combined with their 
very distinctive appearance relative to other 
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characiforms. Eigenmann (1909: 256) first 
presented distinguishing features of the Cy- 
nodontinae in a key to the family Characidae 
and later (Eigenmann, 1910: 444) listed the 
genera he included in that family. Subse- 
quent taxonomic treatments have followed 
what was proposed by Eigenmann. 

The first attempt to diagnose the Cyno- 
dontinae based on shared derived features 
was made by Howes (1976) who focused on 
features of the cranial musculature. More re- 
cently, Buckup and Petry (1994) examined 
extra-oral series of teeth in the larvae of Hy- 
drolycus and Cynodon, a feature previously 
reported only for Rhaphiodon vulpinus (Géry 
and Poivre, 1979), and proposed this feature 
as a synapomorphy for the Cynodontinae. 
Lucena and Menezes (1998) proposed six ad- 
ditional characters supporting the monophyly 
of the subfamily. However, no detailed os- 
teological study has been conducted in an at- 
tempt to further corroborate the monophyly 
of the Cynodontinae and to investigate the 
hypothesis of the monophyly of Cynodon, 
Aydrolycus, and Rhaphiodon in conjuction 
with a study of cynodontine intrarelation- 
ships. 

The cynodontine genus Hydrolycus Miiller 
and Troschel, 1844, has been recently revised 
(Toledo-Piza et al., 1999) and two new spe- 
cies described, increasing the number of rec- 
ognized Hydrolycus species to four. In the 
present study, the genera Cynodon and Rha- 
Phiodon are revised and a new Cynodon spe- 
cies is described. As a consequence of the 
revision of Hydrolycus, Cynodon, and Rha- 
Phiodon eight cynodontine species are rec- 
ognized compared to the four previously 
considered valid in the subfamily. 

The goals of the present study are: (1) to 
further examine the hypothesis of the mono- 
phyly of the Cynodontinae; (2) to resolve cy- 
nodontine intrarelationships and determine 
whether Hydrolycus, Cynodon, and Rhaphio- 
don are monophyletic; (3) to determine the 
recognizable species of Cynodon and Rha- 
Phiodon, and estimate their geographic dis- 
tributions. 


MATERIALS AND METHODS 


PHYLOGENETIC PROCEDURES: The study of 
phylogenetic relationships of the Cynodon- 
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tinae was based on examination of morpho- 
logical features. Osteological characters are 
defined and described under Character De- 
scription and Analysis and summarized in 
appendix 1. Osteological preparations were 
cleared and counterstained for cartilage and 
bone using a modification of the method out- 
lined by Taylor and Van Dyke (1985). Sup- 
plemental sources of osteological data in- 
clude previously cleared-and-stained speci- 
mens, (with some stained solely with aliza- 
rin), and dry skeletons. 

Species listed below followed by an aster- 
isk (*) provided the morphological basis for 
estimating phylogenetic relationships within 
the Cynodontinae, and were also used as the 
basis for illustrations or specific observations 
noted in the text. Justification for choice of 
these taxa is provided below. The remaining 
species listed provided additional observa- 
tions on characiform osteological characters. 
Whenever a character is mentioned in the 
text for an outgroup genus without a species 
cited, it refers to species listed below, and 
does not imply that the character is present 
in all species of the genus. 

The species name is followed by institu- 
tional catalog number, the number and stan- 
dard length (SL) of specimens. Head length 
(HL) is listed for some skeletal preparations. 
Specimens are cleared and counterstained 
unless indicated as being dry skeletons (S): 


Cynodontinae: 

Cynodon gibbus (*): LACM 43295-89, 1, 
102.4 mm SL; MZUSP 32857, 1, 149.9 mm 
SL; MZUSP 32593, 1, 179.0 mm SL. 
Cynodon septenarius (*): MZUSP 5415, 1, 
174 mm SL; MZUSP 32585, 1, 170.0 mm 
SE. 

Cynodon sp. (*): AMNH 93079, 1, 240 mm 
SL (S); AMNH 93103, 1, 47.8 mm HL (S); 
AMNH 32485, 1, 35 mm SL. 

Aydrolycus armatus (*): AMNH 55904, 1, 
63.2 mm HL (S); AMNH 91342, 1, 450 mm 
SL (S); AMNH 91343, 1, 124.7 mm HL (S); 
AMNH 91344, 1, 400 mm SL (S); LACM 
43295-36, 1, 135.9 mm SL; MZUSP 32607, 
2, 151.0—200 mm SL. 

Aydrolycus wallacei (*): MZUSP 32638, 2, 
152.0—163.0 mm SL. 

Aydrolycus tatauaia (*): MZUSP 32630, 1, 
151.0 mm SL; MZUSP 32632, 1, 237 mm 
SL. 
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Hydrolycus scomberoides (*): AMNH 
40087, 1, 241.0 mm SL (S); MZUSP 26177, 
1, 120.6 mm SL; MZUSP 32093, 1, 143.4 
mm SL. 

Hydrolycus sp. (H. armatus or Hydrolycus 
tatauaia): AMNH 56518, 1, 42 mm HL (S); 
AMNH 56540, 1 (S); AMNH 56541 1(S); 
AMNH 40122, 3, 95.2—-130.1 mm HL (S); 
AMNH 40048, 1, 117.7 mm HL (S). 
Rhaphiodon vulpinus (*): BMNH 1935.6.4: 
33-39, 1, 96.8 mm SL; BMNH uncataloged, 
1, 114.5 mm SL; LACM 43295-64, 138.4 
mm SL; MZUSP 32812, 1, 191 mm SL; 
USNM 231549, 5, 41.7-50.1 mm SL. 


Anostomidae: 

Anostomus anostomus: AMNH 43354, 3, 41.4— 
48.9 mm SL. 

Laemolyta taeniata: AMNH 39992, 1, 155.4 mm 
Si. 


Characidae: 

Acanthocharax microlepis C*): BMNH 
1971.10.17:1444—-1460, 1, 68.3 mm SL. 

Acestrocephalus sardina (*): AMNH 74567, 2, 
63.1—63.2 mm SL; MZUSP 29241, 1, 55.0 mm 
SL. 

Acestrorhynchus falcatus: (*) MZUSP 4572-91, 
1, 111.1 mm SL; AMNH 43418, 1, 140.0 mm 
SL. 

Acestrorhynchus falcirostris (*): MZUSP 20592, 
L:,. 41572 mm SL. 

Acestrorhynchus heterolepis: AMNH 93088, 1, 
80.9 mm HL (S). 

Acestrorhynchus lacustris (*): MZUSP 27893, 1, 
129.7 mm SL. 

Acestrorhynchus microlepis (*): AMNH 40106, 1, 
80.0 mm SL. 

Acestrorhynchus nasutus (*): MZUSP 29268, 1, 
68.2 mm SL. 

Agoniates sp. (*): MZUSP 34332, 1, 121.6 mm 
SL 


Brycon falcatus (*): AMNH 54976, 2, 94.7—96.9 
mm. SE. 

Chalceus macrolepidotus: AMNH 40059, 2, 
69.0—-108.3 mm SL. 

Charax pauciradiatus (*) MZUSP 20552, 1, 69.1 
mm SL. 

Galeocharax knerii (*): MZUSP 10542-55, 1, 
108.5 mm SL. 

Gilbertolus atratoensis (*): BMNH 1924.3.346— 
48, 1, 91.9 mm SL. 

Gnathocharax sp. (*): MZUSP 6819, 1, 26.3 mm 
SL. 

Heterocharax sp. (*): MZUSP 29226, 1, 31.6 mm 
SL. 

Hoplocharax goethei (*): MZUSP 7136-7263, 1, 
27.1 mm SL. 
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Hydrocynus sp.(*): AMNH 88854, 1, 112.5 mm 
SL (S); USNM 231542, 3, 42.1-63.0 mm SL. 

Iguanodectes spilurus: AMNH 40033, 2, 46.5— 
52.4 mm SL. 

Lonchogenys ilisha (*): MZUSP 29265, 1, 48 mm 
Sct 

Mylossoma sp.: AMNH 77395, 1, 89.0 mm SL. 

Oligosarcus argenteus (*): MZUSP 37257, 1, 
65.7 mm SL. 

Roeboexodon gyanensis (*): MZUSP 36587, 1, 
45.1 mm SL. 

Roeboides sp. (*): AMNH 40198, 2, 51.6 —64.9 
mm SL. 

Roeboides paranensis: MZUSP 19830, 1, 50.2 
mm SL. 

Roestes ogilviei (*): MZUSP 9702, 1, 90.7 mm 
SL. 

Roestes molossus (*): INPA 11068, 1, 95.3 mm 
SL. 

Serrasalmus sp.: AMNH 77781, 1, 49.1 mm SL. 

Triportheus sp. AMNH 73052, 1, 65.1 mm SL. 


Chilodontidae: 
Caenotropus maculosus: AMNH 14338, 2, 55.0— 
69.5 mm SL. 


Ctenoluciidae: 

Boulengerella cuvieri (*): MZUSP 24162, 1, 
137.8 mm SL. 

Ctenolucius beani (*): AMNH 11244, 1, 133.6 
mm SL. 


Distichodontidae: 

Distichodus fasciolatus: AMNH 5888, 1, 51.3 
mm SL. 

Ichthyborus besse: AMNH 57429, 1, 75.0 mm 
SL. 

Ichthyborus quadrilineatus: AMNH 57408, 1, 
106.7 mm SL. 

Xenocharax spilurus (*): MRAC 80-51-P-610- 
614, 1, 93.0 mm SL. 


Erythrinidae: 

Erythrinus erythrinus (*): MZUSP 34350, 1, 67.6 
mm SL. 

Hoplias cf. malabaricus (*): MZUSP 32372, 1, 
86.8 mm SL. 

Hoplerythrinus unitaeniatus (*): MZUSP 34347, 
1, 116.5 mm SL. 


Gasteropelecidae: 

Gasteropelecus sternicla (*): AMNH 57446, 3, 
31.6-39.0 mm SL. 

Carnegiella strigata (*): AMNH 74606 1, 34.1 
mm SL. 


Hepsetidae: 

Hepsetus odoe (*): USNM 303782, 2, 38.2—45.6 
mm SL; USNM 304407, 1, 124.3 mm SL. 

Lebiasinidae: 

Lebiasina bimaculata (*): AMNH 5360, 1, 57.6 
mm SL. 
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Pyrrhulina sp. (*): MZUSP 23134, 1, 36.7 mm 
SL. 


Piabucina uruyensis: AMNH 91110, 3, 33.5—63.9 
mm SL. 


Prochilodontidae: 
Prochilodus rubrotaeniatus: AMNH 54845, 1, 
86.8 mm SL. 


Hemiodontidae: 
Hemiodus sp.: AMNH 40105, 3, 57.1-67.9 mm 
SL. 


Hypotheses of relationships were proposed 
using the cladistic or phylogenetic method 
first formalized by Hennig (1950, 1966). De- 
tailed explanations about cladistic principles 
and their operational aspects are available 
from many sources (Eldredge and Cracraft, 
1980; Nelson and Platnick, 1981; Wiley, 
1981; Wiley et al., 1991; Swofford et al., 
1996). 

Parsimony analysis was employed to gen- 
erate hypotheses of phylogenetic relation- 
ships and of character state transformations 
using the PAUP computer program, version 
3.1.1 by D. L. Swofford (1993), and Hen- 
nig86 by Farris (1988) associated with Tree 
Gardener, version 2.2 (Ramos, 1997). The 
small number of taxa in the analysis permit- 
ted the use of the exhaustive search option, 
which evaluates every possible combination 
of the taxa in the search for the most parsi- 
monious tree. Autapomorphies were not in- 
cluded in computation of tree statistics. 

Multistate characters (3, 4, 18, 20, 22, 41, 
45, 46, 51, 62, and 65) were first analyzed 
as unordered. Then those multistate charac- 
ters having states that could be ordered se- 
quentially according to their divergence from 
that putatively primitive condition were an- 
alyzed as ordered (3, 4, 18, 20, 41, and 51). 

No specific optimization method, 1.e., “‘ac- 
celerated transformation optimization” 
(ACCTRAN) or the “delayed transformation 
optimization” (DELTRAN), was used to 
eliminate equally parsimonious alternative 
hypotheses of character state transformations 
on a cladogram. Tree manipulations and di- 
agnostics were done with the help of 
MacClade computer program, version 3 by 
Maddison and Maddison (1992), and Clados, 
version 1.2 by Nixon (1992). 

Missing entries in the data matrix (repre- 
sented by **?”’ in appendix 1) were employed 
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in the present study for two distinct situa- 
tions: (1) character state not checked due to 
lack of study material (only one instance rep- 
resented by character 15 in Rhaphiodon vul- 
pinus); and (2) character state inapplicable 
(coded in some taxa for characters 6, 7, 12, 
20, 21, 29, 39, and 65). In order to under- 
stand the impact of characters represented by 
missing entries in the resulting phylogenetic 
hypothesis, various analysis were performed 
that included and excluded all of those char- 
acters or combinations of them. 

Character polarity was determined by out- 
group comparison and in one instance (char- 
acter 39) by using ontogenetic information. 
Thirty-three characiform outgroup taxa listed 
above (indicated by stars following the spe- 
cies name) constituted the focus of these 
comparisons. These taxa were previously 
proposed as being related to cynodontines e1- 
ther as sister groups or at higher levels of 
inclusiveness based on the possession of 
some common features. In addition to the 
seven cynodontine species examined in the 
present study those outgroup taxa were 
checked for all examined characters (Cyno- 
don meionactis was not included in the pre- 
sent phylogenetic analysis, see discussion 
under Comments on Cynodon meionactis, 
following the key to Cynodon species, be- 
low). In addition to these taxa, a number of 
other characiforms not directly related to cy- 
nodontines (listed above, without asterisk 
following species names) were examined to 
assess character distribution and variation 
within characiforms. The occurrence of char- 
acter states hypothesized as derived for cy- 
nodontines in these more distantly related 
outgroups is discussed under the appropriate 
characters. Outgroups presented in the matrix 
(appendix 1) were restricted to Roestes, Gil- 
bertolus, and Acestrorhynchus, hypothesized 
to be the closest relatives of cynodontines 
(Lucena and Menezes, 1998), plus a hypo- 
thetical ancestor that summarizes the obser- 
vations made for remaining outgroup taxa. 
Justification for outgroup choice is presented 
under Historical Overview and Comments on 
Cynodontine Relationships with Other Char- 
aciforms. 

The Character Description and Analysis 
section includes a description of each char- 
acter, its variation within cynodontines, its 
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occurrence in characiform outgroups, and its 
optimization in the resulting phylogenetic 
hypothesis. In a few instances characters 
were observed that show variation within cy- 
nodontines and could provide information on 
cynodontine intrarelationships; however, dif- 
ficulty in the interpretation of their states 
complicated the proposition of hypothesis of 
homology (see Phylogenetic reconstruction 
for a list of those characters). Various anal- 
yses were performed—including, excluding, 
or testing different codings of such charac- 
ters—to study their impact on the resulting 
phylogenetic hypothesis. Problematic char- 
acters mentioned above, characters pertinent 
to the question of cynodontine relationships 
to other characiforms, and autapomorphic 
characters are not included in the computa- 
tion of tree statistics (44 out of the 69 char- 
acters were included in the computation of 
tree statistics), but are included in the Char- 
acter Description and Analysis section. Some 
of the characters studied are concerned with 
the question of cynodontine relationships to 
other characiforms. Although the question of 
cynodontine relationships to other characi- 
forms did not constitute the primary objec- 
tive of the present study, discussions of these 
characters should be considered pertinent to 
the present analysis. 

TERMINOLOGY: Osteological terminology 
follows Weitzman (1962) with a few modi- 
fications proposed by various authors. Vomer 
is substituted for prevomer, epioccipital for 
epiotic, posterior ceratohyal for epihyal; an- 
terior ceratohyal for ceratohyal, and meseth- 
moid for ethmoid. 

SPECIES ACCOUNTS: The taxonomic section 
of the study is based on analysis of meristic 
and morphometric characters. Counts and 
measurements were made on the left side of 
the specimens, except when the structure be- 
ing measured or counted was recognizably 
abnormal or damaged, in which case corre- 
sponding data were taken from the right side. 
Measurements were taken with calipers and 
data recorded to tenths of a millimeter for 
distances under 150 mm and to a millimeter 
for larger distances. All measurements were 
taken point to point, i.e., not orthogonal to 
the main body axis. Vertebral counts and 
pterygiophore insertion relative to neural and 
hemal spines were examined from radio- 
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graphs. Counts and measurements are pre- 
sented in tables and/or in the text and follow 
Fink and Weitzman (1974) except as noted, 
with some additions given below: body depth 
at dorsal-fin origin—immediately anterior to 
dorsal-fin origin; body depth at pelvic-fin or- 
igin—immediately anterior to insertion of the 
unbranched pelvic-fin ray; dorsal-fin origin 
to caudal-fin origin—to center posterior ter- 
mination of the hypural fan (where the prin- 
cipal caudal-fin rays attach to the hypural 
bones); dorsal-fin origin to adipose-fin ori- 
gin; pectoral-fin origin to anal-fin origin; dor- 
sal-fin base and anal-fin base—between an- 
terior and posterior termination of fin-ray ba- 
ses; interorbital width—between borders of 
frontal bones at anterior tip of supraorbitals; 
postorbital length—from posterior bony or- 
bital margin to posteriormost termination of 
opercular bone (without including the fleshy 
opercular flap); upper jaw length—from tip 
of snout to distal tip of maxilla; dentary ca- 
nine length—from base to tip of largest ca- 
nine tooth in dentary; scales along lateral- 
line series—counted as longitudinal scale 
row along perforated lateral-line scales, in- 
cluding those on base of caudal-fin; scale 
rows below lateral-line—number of longitu- 
dinal rows of scales counted from anus to 
that scale just ventral to (and not including) 
the perforated lateral scale row. This form of 
counting scales below the lateral series is 
found to be more replicable than the tradi- 
tional form, in which the count is made to 
the origin of the anal fin. Cynodontines have 
the scales below the lateral series obliquely 
arranged, becoming smaller and irregularly 
organized toward the region of the anal fin, 
rendering the count inaccurate when taken at 
the level of the anal-fin origin. Counts taken 
at the level of the pelvic-fin origin also 
showed a large degree of inaccuracy. Count- 
ing scale rows below the lateral series at the 
level of the anus, slightly in advance of the 
anal-fin origin, yielded more replicable 
counts although some inaccuracy remained. 
For gill-raker count the limit between the an- 
terior limit of the ceratobranchial and pos- 
terior end of the hypobranchial was set at the 
anterior gill raker in the lower limb of the 
first gill arch which has its basal portion in 
contact with the dorsal end of the gill fila- 
ments of the same gill arch. Anterior to this 
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point there is a gap between the basal portion 
of the gill raker and dorsal end of the gill 
filaments, so that they are not in contact but 
are separated by skin. When examined in 
cleared and stained specimens, this point 
largely corresponds to the limit between the 
cerato- and hypobranchial of the first gill 
arch. This system of counting gill rakers is 
found to be more replicable than counting all 
gill rakers on the lower limb of the first gill 
arch (i.e., on both ceratobranchial and hy- 
pobranchial) because the anterior rakers 
could not be easily reached without damage 
to the specimen (particularly large ones), and 
rakers on the hypobranchial tend to be small- 
er and fused to one another to different ex- 
tents, making the counts susceptible to in- 
accuracy; vertebral counts: vertebrae incor- 
porated into the Weberian apparatus were 
counted as four elements and the fused PU1 
+ Ul was considered a single bone. Mea- 
surements of anal-fin length were not includ- 
ed because the tips of the anterior fin rays 
were damaged in the majority of specimens. 

In tables and text, subunits of the head are 
presented as proportions of head length. 
Head length and measurements of body parts 
are given as proportions of standard length. 
Numbers in parentheses following a partic- 
ular vertebral count are the number of radio- 
graphed specimens with that count. In counts 
of fin rays, the unbranched fin rays are in- 
dicated by lower case roman numerals, and 
the branched fin rays as arabic numerals. 

The Material Examined section of each 
species account is arranged in the following 
sequence: total number of specimens exam- 
ined, and in parentheses, the number of spec- 
imens from which counts and measurements 
were taken, and their range of standard 
lengths (Gn mm). The lots are grouped ac- 
cording to country and, within each country, 
the state or department, followed by institu- 
tional abbreviation, catalog number, number 
of specimens in the lot and their range of 
standard lengths (the latter two in parenthe- 
ses), and specific locality data. Institutional 
abbreviations follow Leviton et al. (1985) 
and Leviton and Gibbs (1988). 

In the key to the species of Cynodon be- 
low, information on C. meionactis is provid- 
ed by Géry et al (1999), and some of it was 
recorded differently from the morphometric 
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data in the present study (e.g., orbital diam- 
eter) (see Comments on C. meionactis, be- 
low). 


HISTORICAL OVERVIEW AND 
COMMENTS ON CYNODONTINE 
RELATIONSHIPS WITH OTHER 
CHARACIFORMS 


Prior to the study of Howes (1976), no au- 
thor made definitive comments about the re- 
lationships of the Cynodontinae. Their ideas 
about relationships of the group can be in- 
ferred only from the classifications they pro- 
posed but the extent to which these classifi- 
cations were intended to reflect close rela- 
tionships among these groups is unclear. 
Giinther (1864) placed the then-known cy- 
nodontines in his suprageneric group Hydro- 
cyonina which also included Anacyrtus (= 
Charax), Hystricodon (= Exodon), Salminus, 
Hydrocyon (= Hydrocynus), Sarcodaces (= 
Hepsetus), Oligosarcus, Xiphorhamphus (= 
Acestrorhynchus) and Xiphostoma (= Bou- 
lengerella). Regan (1911: 16) included cy- 
nodontines within his Characidae together 
with Erythrininae (Hoplias, Erythrinus), Le- 
biasininae (Lebiasina, Piabucina), Acestror- 
hamphinae (Oligosarcus, Acestrorhamphus 
[= Oligosarcus], Acestrorhynchus), Sarco- 
dacinae (Sarcodaces = Hepsetus), Characi- 
nae (including many genera assigned to the 
Characinae, sensu Weitzman, 1962, as well 
as the African characids), Serrasalmoninae 
(Serrasalmo, Myletes, Pygocentrus, Mylesi- 
nus, Pygopristis), and Hydrocyoninae (Hy- 
drocyon). In his phylogeny of South Amer- 
ican characids, Eigenmann (1917: 39) stated 
that ‘‘another line diverging from the Chei- 
rodontinae has given rise to the Salmininae, 
Characinae, Acestrorhamphinae, and Cyno- 
dontinae, and ultimately the Hydrocyninae.”’ 
Gregory and Conrad (1938: 321) restricted 
the array of groups that they considered 
closely related to the Cynodontinae. They de- 
fined a subgroup (their Sarcodacinae) within 
Regan’s Characidae in which they include 
Regan’s Sarcodacinae, Acestrorhamphinae, 
Cynodontinae as well as Xyphostomatidae 
(Xyphocharax [|= Roestes| and Luciocharax 
[= Ctenolucius]). Greenwood et al. (1966: 
395) excluded cynodontines from the family 
Characidae and placed them in their own 
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family, the Cynodontidae. However, no fur- 
ther information was given concerning their 
relationships with other characiforms. 

Géry and Vu-Tan-Tué (1963: 244) pro- 
posed that Roestes was closely related to cy- 
nodontines. The study of Howes (1976) was, 
however, the first to present evidence based 
on shared derived features to support this hy- 
pothesis. 

A brief comment on the status of the genus 
Roestes is necessary. In a recent review of 
Roestes Giinther, 1864, Menezes and Lucena 
(1998) resurrected the genus Gilbertolus Ei- 
genmann, in Eigenmann and Ogle, 1907 
(previously considered a junior synonym of 
Roestes by Menezes, 1974) to include G. ala- 
tus, G. atratoensis, and G. maracaboensis, 
all species from the western versant of the 
Andes. The genus Roestes was restricted to 
those species occurring east of the Andes and 
includes R. ogilviei, R. molossus, and R. itu- 
piranga. The two genera were diagnosed as 
a monophyletic unit referred to as the Roes- 
tinae. Howes (1976) followed Menezes 
(1974) in including the species he examined 
(alatus) in Roestes. Herein, following Me- 
nezes and Lucena (1998), Gilbertolus is em- 
ployed for the species occurring west of the 
Andes. Therefore, the species included by 
Howes (1976) in Roestes is herein assigned 
to Gilbertolus. Specimens of the species ex- 
amined by that author were reexamined in 
the present study and reidentified as G. atra- 
toensis. 

Howes (1976) proposed seven myological 
characters that according to him are unique 
to Gilbertolus and cynodontines. Lucena 
(1993) reevaluated the phylogenetic signifi- 
cance of some of the characters proposed by 
Howes as supporting a hypothesis of rela- 
tionships between cynodontines and Gilber- 
tolus and proposed another hypothesis in 
which Acestrorhynchus is the sister group to 
the Cynodontinae. According to Lucena 
(1993), Roestes (based on the examination of 
R. ogilviei) was hypothesized to be the sister 
group to the group formed by the Hetero- 
characini (sensu Géry, 1966) and Gnatho- 
charax. It is important to mention that Lu- 
cena’s study was not intended to critically 
examine the question of cynodontine rela- 
tionships, but rather to phylogenetically 
study the family Characidae. Due to the ex- 
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tremely large number of taxa in that family, 
the author had to limit the total number of 
taxa examined. The source of the conflict be- 
tween Howes’s (1976) and Lucena’s (1993) 
hypotheses can be partially explained by in- 
terspecific variation in the characters perti- 
nent to the hypothesis of relationships be- 
tween Roestes, Gilbertolus, and cynodonti- 
nes in the species examined by these authors. 

Lucena and Menezes (1998) conducted a 
phylogenetic analysis with the objective of 
investigating the hypothesis of monophyly of 
Roestes and Gilbertolus, and reevaluating the 
hypothesis of their relationships with other 
characiforms. The two genera were hypoth- 
esized to form a monophyletic group referred 
to as the Roestinae, which was proposed to 
be the sister group to the Cynodontinae, on 
the basis of four synapomorphies. In addi- 
tion, five derived features are shared between 
the Cynodontinae and Gilbertolus, with the 
primitive condition found in Roestes. Under 
a hypothesis of the monophyly of Roestes 
and Gilbertolus, these features have ambig- 
uous interpretations being hypothesized ei- 
ther as synapomorphic for the clade formed 
by the Roestinae and Cynodontinae with a 
reversal to the primitive condition in Roestes, 
or as having independent origins in Gilber- 
tolus and the Cynodontinae. In the same 
study Lucena and Menezes (1998) proposed 
Acestrorhynchus as the sister group to the 
clade formed by the Roestinae and Cynodon- 
tinae on the basis of four synapomorphies. In 
addition, three derived features present in 
Acestrorhynchus and in the Cynodontinae 
have ambiguous interpretations, being hy- 
pothesized either as synapomorphic for the 
clade formed by Acestrorhynchus, the Roes- 
tinae, and Cynodontinae with a reversal to 
the primitive condition in the Roestinae, or 
as having independent origins in Acestror- 
hynchus and the Cynodontinae. Only Roestes 
(and not Gilbertolus) was included in Lu- 
cena’s (1993) study and the morphological 
differences between Roestes and Gilbertolus 
had yet to be evaluated within a phylogenetic 
framework. Those factors in combination 
with the fact that Acestrorhynchus and the 
Cynodontinae share derived features, may 
account for the results obtained by Lucena 
(1993). 

The Cynodontinae is a highly derived 
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group characterized by numerous features 
unique to this assemblage within characi- 
forms (see synapomorphy list under Mono- 
phyly of the Cynodontinae below), and find- 
ing shared derived characters common to cy- 
nodontines and other characiforms has 
proved to be a difficult task. Furthermore, the 
systematics of most of the genera tradition- 
ally assigned to the Characinae sensu Eigen- 
mann (1910) is poorly known, complicating 
the interpretation of the phylogenetic signif- 
icance of many characters. Therefore, the re- 
cent study by Lucena and Menezes (1998), 
focusing on the elucidation of the phyloge- 
netic affinities of Roestes + Gilbertolus rep- 
resents a major contribution toward our un- 
derstanding of the systematics of these taxa. 
Further testing of the hypothesis of cynodon- 
tine relationships, including a better under- 
standing of the significance of the characters 
with ambiguous interpretations, will come 
with information from studies of different 
character systems, and studies focusing on 
the elucidation of phylogentic relationships 
of all potentially related genera, especially 
those traditionally assigned to the Characi- 
nae. 

The present study confirmed some of the 
characters proposed by Lucena and Menezes 
(1998) as derived for the Cynodontinae and 
Gilbertolus and for the Cynodontinae and 
Acestrorhynchus. These are discussed in the 
Character Description and Analysis section. 

Agoniates Miiller and Troschel, 1845, has 
also been hypothesized as probably related to 
cynodontines. Eigenmann (1912: 317) noted 
similarities between Agoniates and Hydroly- 
cus scomberoides. Howes (1976) mentioned 
that, although he did not examine specimens 
of Agoniates in his myological study of the 
Cynodontinae and Characinae, there was a 
possibility that the pattern of dentition, pres- 
ence of five branchiostegal rays, and length 
of pectoral fins might constitute derived spe- 
cializations shared by Agoniates and the Cy- 
nodontinae. In Lucena’s (1993) analysis 
Agoniates was hypothesized to be the sister 
group to all other members of the Characidae 
other than the assemblage formed by Cyno- 
don, Rhaphiodon, and Acestrorhynchus. 

Agoniates shares with the Cynodontinae 
the contact between the antorbital and the 
ventral wing of the lateral ethmoid along its 
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entire lateral edge (character 2 in Character 
Description and Analysis). A ridge on the 
lateral surface of the vomer (character 16) is 
another derived feature shared by Agoniates 
and Hydrolycus. An analysis focusing on the 
relationships of Agoniates should be _ pur- 
sued; however, due to the larger number of 
derived features shared by the Cynodontinae 
and the characiform outgroups discussed 
above, the features shared by cynodontines 
and Agoniates are hypothesized herein as 
having originated independently. 


CHARACTER DESCRIPTION AND 
ANALYSIS 


Characters are grouped under separate 
headings according to the region of the body 
with which they are associated. The number 
preceding each character corresponds to that 
of appendix 1. 


ORBITAL REGION 


1. Fifth infraorbital 

Cynodontines have six canal-bearing 
bones forming the orbital ring with bony 
plates that cover part or all of the adductor 
musculature of the cheek (fig. 2), a condition 
considered to be primitive for characiforms 
(Roberts, 1969: 419; Vari, 1979: 301; Fink 
and Fink, 1981: 315). In Cynodon, Rhaphio- 
don, Hydrolycus scomberoides, and H. wal- 
lacei the fifth infraorbital typically reaches 
the posterior margin of the infraorbital series 
and the fourth and six infraorbitals are not in 
contact (fig. 2B). In Hydrolycus armatus and 
H. tatauaia the fifth infraorbital is greatly re- 
duced, with the posteroventral margin of the 
sixth infraorbital in contact with the postero- 
dorsal margin of the fourth infraorbital (fig. 
2A). 

Different patterns of reduction of infraor- 
bital bones are observed in various characi- 
form groups (Weitzman and Fink, 1983), 
some having only five infraorbitals (e.g., 
Charax, Lucena, 1987), and others having a 
reduced or absent fourth infraorbital (e.g., 
ctenolucids, Vari, 1995). The pattern de- 
scribed above for Hydrolycus armatus and H. 
tatauaia is, however, unique among chara- 
ciforms, and considered synapomorphic for 
the clade formed by these two species. 
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Fig. 2. 
torbital of (A) Hydrolycus armatus, MZUSP 
32607; and (B) Aydrolycus wallacei, MZUSP 
32638; left side, lateral view, anterior to left. Ar- 
row points to fifth infraorbital. 


Infraorbital series, supraorbital and an- 


2. Antorbital-lateral ethmoid contact 

All cynodontines have the antorbital bone 
contacting the lateral margin of the ventral 
wing of the lateral ethmoid. The antorbital in 
characiform outgroups having this ossifica- 
tion (a separate antorbital is lacking in cten- 
olucids and erythrinids, see Vari, 1995: 9) is 
usually positioned anterior to the ventral 
wing of the lateral ethmoid with no, or only 
slight, contact between the dorsalmost por- 
tions of these two ossifications. 

An extended contact between the antorbi- 
tal and the lateral edge of the ventral wing 
of the lateral ethmoid occurs in Gasterope- 
lecus and Agoniates. In the latter genus the 
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antorbital is well developed (Géry, 1962) 
with the lateral edge of the ventral wing of 
the lateral ethmoid anteroposteriorly expand- 
ed and forming a distinct lateral surface in- 
stead of the narrow edge present in other 
characiforms. In addition to the antorbital- 
lateral ethmoid contact, gasteropelecids also 
share the presence of expanded coracoids 
with cynodontines. These two taxa do not 
seem, however, to be closely related as dis- 
cussed by Weitzman (1954). Gasteropelecids 
and cynodontines differ significantly in most 
parts of their osteology, with the former hy- 
pothesized to be more closely related to char- 
aciforms such as Astyanax, Brycon, and Bry- 
conamericus (Weitzman, 1954: 231). The re- 
lationships of Agoniates have been discussed 
in the previous section and the features 
shared by these taxa are hypothesized as hav- 
ing originated independently. The antorbital 
bone contacting the lateral margin of the ven- 
tral wing of the lateral ethmoid is, therefore, 
hypothesized as a synapomorphy for cyno- 
dontines. 


3. Antorbital 

The antorbital bone in all Hydrolycus spe- 
cies (fig. 3A) is a flat, platelike ossification 
without an extending process. 

The antorbital in Rhaphiodon and Cyno- 
don (fig. 3B) has a medial, vertically aligned 
process that extends along the posterior sur- 
face of the ventral wing of the lateral eth- 
moid. In Rhaphiodon this process is very 
narrow, extending only slightly medially 
from the posterior margin of the antorbital 
and contacting the posterior margin of the 
ventral wing of the lateral ethmoid. In Cy- 
nodon this process is further developed, ex- 
tending to a greater degree medially, espe- 
cially in the middle portion of the process. 

Flat antorbitals are observed in most char- 
aciform outgroups, but in some, the antorbital 
is not a flat ossification, but presents some 
degree of elaboration. This was observed in 
Acestrorhynchus, Gasteropelecus, Chalceus, 
Iguanodectes, and Xenocharax. The overall 
shape of the antorbital in these taxa differs in 
various ways from that in cynodontines, and 
therefore does not seem to be directly com- 
parable to that of cynodontines. 

The medial process on the posterior mar- 
gin of the antorbital in Cynodon and Rha- 
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Fig. 3. Antorbital of (A) Hydrolycus tatauaia 
MZUSP 32630, and (B) Cynodon gibbus MZUSP 
32587, left side, medial view, anterior to right. 
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Phiodon is hypothesized as derived, as op- 
posed to the condition of a flat, platelike os- 
sification found in Hydrolycus and wide- 
spread among characiforms outgroups, and is 
interpreted as synapomorphic for the clade 
formed by these two genera. The further en- 
largement of the antorbital process in Cyno- 
don is hypothesized as a synapomorphy for 
that genus. 


NEUROCRANIUM 


The anterior portion of the neurocranium 
(mesethmoid-vomer region) of cynodontines 
is highly modified compared to other chara- 
ciforms; many specializations are found in 
the articulation of the premaxilla, maxilla, 
and ectopterygoid. All ossifications in this 
area are held together by strong ligamentous 
tissue. A series of anterior neurocranial fea- 
tures provide considerable morphological in- 
formation pertinent to the elucidation of the 
phylogenetic relationships of the Cynodon- 
tinae, as detailed below. 


4. Mesethmoid 

Hydrolycus species have the anterior por- 
tion of the mesethmoid, which forms an ar- 
ticular surface for the premaxillae, dorsoven- 
trally expanded, and almost round in shape 
when examined in lateral view. In Hydroly- 
cus scomberoides, H. armatus, and H. ta- 
tauaia, (figs. 4, 5) there is a further expan- 
sion of this anterior portion of the meseth- 
moid compared to H. wallacei (fig. 6). This 
feature was previously noted by Starks 
(1926: 165) for Hydrolycus scomberoides 
(H. pectoralis of that author). 

In Cynodon and Rhaphiodon, the meseth- 
moid ends in a conical, spinelike process 
(figs. 7 and 8, respectively), the condition ob- 
served in most examined characiform out- 
groups and considered plesiomorphic (Weitz- 
man, 1962: 19; Roberts, 1969: 405; Vari, 
1979: 277). A vertically enlarged anterior 
mesethmoid was observed in Mylossoma and 
Roeboexodon guyanensis among examined 
outgroups. In the latter species the anterior 
enlargement of the mesethmoid is accom- 
plished by a vertical expansion of the spine, 
and is continuous with an expansion of the 
ventral surface of the mesethmoid, a condi- 
tion different from that in cynodontines. This 
vertical expansion of the anterior meseth- 
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Fig. 4. Anterior and orbital regions of neurocranium of Hydrolycus scomberoides, MZUSP 32093; 


left side, lateral view, anterior to left. 


moid in Roeboexodon guyanensis results in 
a bony plate that provides a very broad ar- 
ticular surface for the premaxillae. 
Elaboration of the anterior portion of the 
mesethmoid occurs in a few characiforms 
e.g., Citharinidae and Distichodontidae, but 
they represent different modifications from 
the one described above for Hydrolycus (see 
Vari, 1979: 278-279, for details). The con- 
dition observed in Hydrolycus is unique 
among examined outgroups and is most par- 
simoniously interpreted as a synapomorphy 
for that clade, with further anterior enlarge- 
ment of the mesethmoid in Hydrolycus scom- 
beroides, H. armatus, and H. tatauaia hy- 
pothesized as a synapomorphy for this clade. 


5. Ventral process of the mesethmoid (sensu 
Starks, 1926: 163) 

All cynodontines have a pair of processes 
projecting from the ventral surface of the 
mesethmoid (figs. 4-8). These processes 
arise from the ventral surface of the lateral 
wings of the mesethmoid to which the pre- 


maxillae are attached, and are interposed be- 
tween the base of the mesethmoid spine an- 
teriorly, and articulation with the vomer pos- 
teriorly. The processes bear cartilage pads on 
their ventral tips. Starks (1926: 163) reported 
the presence of the ventral processes on the 
mesethmoid in Rhaphiodon vulpinus and Hy- 
drolycus scomberoides (H. pectoralis of that 
author). A sheet of thick connective tissue is 
attached to the tip of these processes and 
covers the entire ventral portion of the vo- 
mer-mesethmoid region. The layer of con- 
nective tissue is less dense posteriorly and 
attaches to the medial portion of the maxilla. 
In juveniles of Rhaphiodon (USNM 231549, 
41.7—50.1 mm SL) the processes are repre- 
sented by two large cartilaginous pads on the 
ventral surface of the ossified portion of the 
mesethmoid. 

Determination of the element homologous 
to the ventral processes of the mesethmoid 
described for cynodontines in characiform 
outgroups is complicated. Among examined 
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Figs e5: 
side, lateral view, anterior to left. 


outgroups, an ossification similar to the ven- 
tral processes of the mesethmoid described 
for cynodontines occurs in erythrinids, Le- 
biasina bimaculata, and Piabucina sp. In 
these taxa the processes occupy the same po- 
sition on the mesethmoid as the structures in 
cynodontines, originating ventrally from the 
lateral groove of the mesethmoid where the 
premaxillae attach. Such processes in eryth- 
rinids and lebiasinids are more laterally ori- 
ented than the processes in cynodontines, in 
which they lie somewhat parallel to each oth- 
er. The posterior edges of the processes in 
erythrinids and examined lebiasinids con- 
tacts the anterior margin of the vomer (as in 
Rhaphiodon and some Hydrolycus species, 
detailed below). The sheet of connective tis- 
sue attached to the margins of these process- 
es in cynodontines was absent in these out- 
groups. Rather, in the outgroups the cartilage 
at the tip of the ventral process of the mes- 
ethmoid contacts a cartilaginous surface on 
the anterior portion of the palatine, and lig- 
amentous tissue suspends the maxilla and 
palatine arch to the ventral process of the 


orbitosphenoid 


parasphenoid 


Anterior and orbital regions of neurocranium of Hydrolycus armatus, MZUSP 32607; left 


mesethmoid. Weitzman (1964: 137) de- 
scribed the mesethmoid of Hoplias and Er- 
ythrinus as being similar to that of Brycon. 
The latter genus lacks the ventral processes 
of the mesethmoid noted for cynodontines. 
The two lateral processes in the mesethmoid 
of Brycon were described as the “‘lateral eth- 
moid wing”’ (= lateral wings of the meseth- 
moid) by Weitzman (1962: 19). Ventral parts 
of the lateral wings of the mesethmoid in 
Brycon contact the upper portions of the vo- 
mer via a synchondral joint (Weitzman, 
1962: 19). As noted above, the ventral pro- 
cessess of the mesethmoid in erythrinids also 
join the anterior margin of the vomer by a 
synchondral joint. It is not clear whether 
Weitzman (1964: 137), in mentioning the 
similarity between the mesethmoid in Brycon 
to that in Hoplias and Erythrinus, was refer- 
ring just to the similarity in overall shape or 
implied also that the lateral processes present 
in the mesethmoid of these taxa represented 
the same structure. A lateral wing of the mes- 
ethmoid was coded as present for Hoplias by 
Buckup (1991: 213, character 2). It is also 
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not clear whether what was considered the 
lateral wing of the mesethmoid by Buckup is 
what it is called here the ventral processes of 
the mesethmoid or is rather the very narrow 
lateral extension of the mesethmoid dorsal to 
these processes where the ascending process- 
es of the premaxilla are connected. In cyno- 
dontines a distinct structure can be recog- 
nized extending laterally from the meseth- 
moid onto which the premaxilla and the an- 
terodorsal process of the maxilla attach; that 
structure seems to correspond to the lateral 
wing of the mesethmoid as described by 
Weitzman (1962: 19). A similar element is 
absent in erythrinids. 

Processes on the ventral portion of the 
mesethmoid bearing some resemblance to 
those in cynodontines were found in Pro- 
chilodus_ rubrotaeniatus, Caenotropus ma- 
culosus, Laemolyta taeniata, and Hemiodus 
sp. among examined outgroups. In the latter 
two species the anterodorsal portion of the 
vomer is separated from the ventral portion 
of the mesethmoid processes by a large car- 
tilage block. In Prochilodus rubrotaeniatus 
and Caenotropus maculosus the posterior 
portions of the processes contact the anterior 
portion of the vomer and laterally they con- 
tact the anterior cartilaginous surface of the 
palatine. Weitzman (1954: 217) described a 
ventral process on the mesethmoid contact- 
ing the vomer along a broad suture in Car- 
negiella vesca. This process observed here in 
Carnegiella strigata, bears little resemblance 
to the processes noted above for cynodonti- 
nes and some characiform outgroups. 

Starks (1926: 163), in describing the ven- 
tral processes of the mesethmoid in Rhaphio- 
don vulpinus, stated that ‘““These are the same 
processes described for Hoplias and doubt- 
less the same as those of the cyprinoids that 
bear the pre-ethmoids.”’ In the description of 
the ethmoid region of Hydrolycus pectoralis 
(H. scomberoides) Starks (1926: 165) stated 
that ‘““The pre-ethmoid processes of the mes- 
ethmoid are the same.”’ [as in Rhaphiodon 
vulpinus]. For Distichodus fasciolatus Starks 
(1926: 169) noted that “‘A nodule of cartilage 
filling a concavity at the union between the 
mesethmoid and the vomer doubtless repre- 
sents the pre-ethmoid.’’ Fink and Fink (1981: 
312), in their discussion of ostariophysan in- 
terrelationships, mentioned that (their char- 
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acter 4): “In cypriniforms a cartilage body or 
endochondral ossification, usually termed the 
‘pre-ethmoid’, is tightly articulated between 
the vomer and mesethmoid. In Chanos, 
many characiforms [my emphasis], and 
some other teleosts a probably homologous 
cartilaginous or ossified body is present be- 
tween the palatine, maxilla, and ethmoid.”’ 

The available evidence precludes an ade- 
quate assessment of homologies of the ven- 
tral processes of the mesethmoid for cyno- 
dontines relative to the condition found in 
other characiforms. However, all the groups 
listed above in which relatively similar pro- 
cesses were observed are hypothesized as be- 
ing more closely related to groups that lack 
well-developed processes. Prochilodus rub- 
rotaeniatus, Caenotropus maculosus, and 
Laemolyta taeniata belong to three different 
monophyletic families that together with the 
Curimatidae (in which such ventral processes 
on the mesethmoid are lacking) are hypoth- 
esized to form a monophyletic group (Vari, 
1983). Erythrinids and lebiasinids share 
many derived features with Hepsetus and 
ctenolucids, taxa that also lack these pro- 
cesses. All the groups that are potentially re- 
lated to the Cynodontinae at different levels 
of inclusiveness (Roestes, Gilbertolus, and 
Acestrorhynchus—see discussion on section 
about cynodontine interrelationships) lack 
processes on the ventral portion of the mes- 
ethmoid that resemble to those described for 
the Cynodontinae. As a consequence, the 
ventral processes on the mesethmoid as de- 
scribed for the Cynodontinae are hypothe- 
sized as synapomorphic for the members of 
that subfamily. 


6. Orientation of ventral processes of the 
mesethmoid 

In all cynodontines except Hydrolycus 
wallacei, the ventral processes of the mes- 
ethmoid are ventrally directed at an approx- 
imately 90° angle relative to the mesethmoid 
spine (figs. 4, 5, 7, 8). In Aydrolycus wal- 
lacei (fig. 6), however, these processes are 
reoriented into a forward direction at a con- 
siderably smaller angle relative to the mes- 
ethmoid spine. 

This character was coded as a missing en- 
try (meaning inapplicable) in the outgroups 
since they do not possess ventral processes 
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Fig. 6. Anterior and orbital regions of neurocranium of Hydrolycus wallacei, MZUSP 32638; left 
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on the mesethmoid as described for cyno- 
dontines. According to the most parsimoni- 
ous hypotheses of cynodontine intrarelation- 
ships generated in the present study, this 
character is interpreted as an autapomorphy 
for Hydrolycus wallacei. 


7. Vomer—mesethmoid contact 

In Aydrolycus tatauaia, H. armatus, H. 
scomberoides, and Rhaphiodon vulpinus, the 
anterior surface of the vomer contacts the 
ventral process of the mesethmoid along its 
posterior surface (figs. 4, 5, 8). In Cynodon 
(fig. 7) the vomer does not directly contact 
the ventral processes of the mesethmoid; its 
contact occurs dorsal to the posterior surface 
of the ventral processes of the mesethmoid, 
which are free of contact with other ossifi- 
cation. The condition in Hydrolycus wallacei 
is difficult to interpret due to the anterior 
shift of the ventral process of the meseth- 
moid (charater 6), and although the vomer 
does not contact that process along its entire 
posterior surface as in the remaining Hydro- 
lycus species and Rhaphiodon, there is con- 
tact along the dorsalmost portion of the pro- 
cesses, a condition slightly different from 


that in Cynodon. For this reason the condi- 
tion in Hydrolycus wallacei was coded as a 
missing entry. 

This character was also coded as a miss- 
ing entry in outgroups since they lack the 
ventral processes on the mesethmoid. All ex- 
amined outgroups that have an element sim- 
ilar to the ventral process of the mesethmoid 
described for cynodontines, have that process 
contacting the anterior surface of the vomer 
(e.g. in erythrinids), a condition similar to 
that in Hydrolycus tatauaia, H. armatus, H. 
scomberoides, and Rhaphiodon vulpinus. 
However, as noted under character 5 above, 
homology propositions for the ventral pro- 
cesses of the mesethmoid in cynodontines 
relative to the condition found in characiform 
outgroups are not clear, and all taxa that pos- 
sess similar processes are more closely relat- 
ed to taxa that lack them. 

Examination of different ontogenetic stag- 
es did not provide information that could be 
used to determine polarity of this character. 
In juveniles of Rhaphiodon the anterior por- 
tion of the vomer is already in contact with 
the posterior portion of the ventral processes 
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of the mesethmoid, which are cartilaginous 
at this stage (USNM 231549, 41.7—50.1 mm 
SL). It was not possible to examine this fea- 
ture in juveniles of Cynodon due to the poor 
condition of the specimen available (AMNH 
32485, 35 mm SL). 

The distribution of this character in cy- 
nodontines renders any kind of optimization 
for the character states arbitrary. As a con- 
sequence it is impossible to unambiguously 
propose this character as an additional syn- 
apomorphy for any clade under the phylo- 
genetic reconstruction summarized in the 
cladogram (fig. 20). Tests including and ex- 
cluding this character from the analysis did 
not change the resulting hypothesis. 


Some modifications of the anterior portion 
of the neurocranium in cynodontines are as- 
sociated with the area of articulation with the 
maxilla. Such modifications occur on the lat- 
eral portion of the vomer, lateral wing of the 
mesethmoid, ventral diverging lamellae of 
the mesethmoid, and in part, the ventral pro- 
cessess of the mesethmoid. In cynodontines 
those elements delimit a groove or fossa that 
provides an area of attachment for the liga- 
mentous tissue of the medially directed an- 
terodorsal process of the maxilla. The series 
of modifications that contribute to form this 
fossa and the variation exhibited within cy- 
nodontines are detailed under characters 8— 
10 below. 


8. Ventral diverging lamellae of the meseth- 
moid 

Cynodontines have well-developed ventral 
diverging lamellae of the mesethmoid (sensu 
Weitzman, 1962: 19). Posteriorly, the lamella 
of each side contacts the upper central por- 
tion of each lateral ethmoid. Anteriorly the 
lamella of each side is continuous with a por- 
tion of the lateral wing of the mesethmoid 
medial to the region where the maxilla 
attaches, and extends posteriorly on the lat- 
eral surface of the vomer. This results in a 
well-developed triangular bony plate, with 
one corner of the triangle pointing toward the 
posterior margin of the vomer (figs. 5-8) 
(henceforth the entire element will be re- 
ferred to as the diverging lamella of the mes- 
ethmoid). Together the triangular bony plates 
from each side clasp the lateral surface of the 
vomer. The ventral margin of this triangle 
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forms the dorsal limit of a fossa where the 
maxilla articulates. 

Hydrolycus scomberoides has a slightly 
different condition from the one described 
above. In this species there is no continuity 
of the lamella along the ventral surface of the 
mesethmoid with the portion of the lamella 
extending from the lateral wing of the mes- 
ethmoid (fig. 4). 

The diverging lamellae of the mesethmoid 
are reduced or absent in many characiform 
outgroups, e.g., erythrinids, lebiasinids, cten- 
oluciids, and gasteropelecids. Weitzman 
(1962: 137) stated that the ventral diverging 
lamellae of the mesethmoid are well devel- 
oped in the Erythrinidae; however, I agree 
with Buckup (1991: 214) who regards Weitz- 
man’s mention of such lamellae as a misin- 
terpretation of a similar ossification that ex- 
tends posteriorly from the dorsal surface of 
the lateral mesethmoid wings. A few Aces- 
trorhynchus species (A. falcirostris and A. 
nasutus) have a lateral lamella that extends 
ventrally from the mesethmoids with its an- 
terior portion contacting the vomer and ex- 
tending posteriorly toward the lateral eth- 
moid. In the remaining Acestrorhynchus spe- 
cies, such a lamella is very reduced and does 
not reach the vomer ventrally. As in the Er- 
ythrinidae it seems that the lamella as de- 
scribed for Acestrorhynchus species does not 
correspond to the ventral diverging lamella 
of the mesethmoid described by Weitzman 
(1962: 19). Characiforms with well-devel- 
oped ventral diverging lamellae of the mes- 
ethmoid include Roestes, Gilbertolus, Char- 
ax, Roeboexodon, the Cynopotaminae (Me- 
nezes, 1976), Acanthocharax, and Agoniates. 

A discontinuity between the anterior and 
posterior portion of the diverging lamella of 
the mesethmoid is restricted to Hydrolycus 
scomberoides within cynodontines, a condi- 
tion most parsimoniously interpreted as au- 
tapomorphic for this species. 


9. Triangular portion of the ventral diverging 
lamellae of the mesethmoid 

The extent to which the triangular portion 
of the ventral diverging lamella of the mes- 
ethmoid (described under character 8) ex- 
tends along the lateral surface of the vomer 
varies among cynodontines. In all Hydroly- 
cus species and Rhaphiodon the triangular 
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portion of the ventral diverging lamella of 
the mesethmoid extends laterally over the an- 
terodorsal corner of the vomer, leaving most 
of the lateral surface of the vomer uncovered 
(figs. 4-6, 8). In Cynodon this lamella is 
more elongate, extending beyond the mid- 
line, and in many specimens reaching the 
posteroventral edge of the vomer (fig. 7). As 
a consequence, in Cynodon most of the lat- 
eral surface of the vomer is covered by the 
triangular portion of the ventral diverging la- 
mella of the mesethmoid. 

At first a direct comparison of the condi- 
tion of this character in outgroups with that 
in cynodontines seemed complicated, in view 
of the high degree of modification of the en- 
tire vomer-mesethmoid region in cynodonti- 
nes. However, closer examination of this fea- 
ture in outgroups revealed that in some, the 
portion of the lamella at the ventral surface 
of the mesethmoid that extends ventrally to 
contact the anterior portion of the vomer is 
continuous with the portion extending me- 
dially and posteriorly from the lateral wing 
of the mesethmoid (Charax, Acanthocharax, 
Galeocharax, Brycon, Roeboexodon). This 
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portion of the ventral diverging lamella of 
the mesethmoid in examined outgroups does 
not extend as far posteriorly on the surface 
of the vomer, in many cases being very re- 
duced or lacking (e.g., Roestes, Gilbertolus, 
and Agoniates). Therefore, the triangular por- 
tion of the ventral diverging lamella of the 
mesethmoid covering most of the lateral sur- 
face of the vomer is hypothesized as syna- 
pomorphic for Cynodon. 


10. Articular surface on lateral wing of the 
mesethmoid 

The region of the lateral wing of the mes- 
ethmoid where part of the ligamentous tissue 
of the maxilla attaches differs among cyno- 
dontines. In Hydrolycus tatauaia, H. scom- 
beroides, and H. armatus this portion of the 
lateral wing of the mesethmoid has a distinct 
posteriorly oriented articular surface (figs. 4, 
5). Ligamentous tissue from the maxilla con- 
verges anteriorly to attach to this articular 
surface, which forms the anterior boundary 
for a depression on the lateral surface of the 
vomer where the maxilla abuts at the level 
of the synchondral joint between the vomer 
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and ventral processes of the mesethmoid (see 
character 14 below). In Cynodon, Rhaphio- 
don, and Hydrolycus wallacei, ligaments 
from the maxilla attach to the ventral portion 
of the lateral wing of the mesethmoid with- 
out a distinct posteriorly directed articular 
surface forming an anterior boundary for the 
area of articulation of the maxilla. As a con- 
sequence the depression on the lateral sur- 
face of the vomer where the maxilla abuts 
extends slightly more anteriorly and reaches 
the posterolateral surface of the mesethmoid. 
This is more evident in Hydrolycus wallacei 
and Rhaphiodon (figs. 6 and 8, respectively) 
than in Cynodon (fig. 7) in which the de- 
pression on the vomer is reduced compared 
to the remaining species. 

Ligamentous tissue suspending the upper 
anterior tip of the maxilla to the lateral wing 
of the mesethmoid is the typical condition 
among characiforms (Weitzman, 1962: 19; 
Roberts, 1969: 405), and also occurs in cy- 
nodontines. Comparisons of the portion of 
the mesethmoid where the maxilla attaches 
in characiform outgroups and cynodontines 
is complicated due to the highly modified 
mesethmoid region of cynodontines. The lat- 
eral wings of the mesethmoid in many char- 
aciforms outgroups have a laterally oriented 
cartilaginous cap that is continuous with the 
cartilaginous surface from the lateral portion 
of the vomer (e.g., Roestes, Charax, Galeo- 
charax, Heterocharacini), and from which 
the maxilla is suspended by ligaments. In 
Brycon, Acestrocephalus, Acanthocharax, 
and Acestrorhynchus the ligamentous tissue 
from the anterior tip of the maxilla attaches 
to a small portion of the lateral wing of the 
mesethmoid that has a ventral to slightly lat- 
eral articular surface. 

A posterior orientation of the articular sur- 
face of the lateral wing of the mesethmoid 
onto which part of the ligamentous tissue of 
the maxilla attaches is unique to Hydrolycus 
tatauaia, H. scomberoides, and H. armatus 
among examined characiforms; this seems to 
be the result of the reorientation of the lateral 
wing of the mesethmoid to a somewhat more 
vertical position, shifting the surface of the 
articulation of the ligaments of the maxilla 
to a more posterior orientation. Such a re- 
orientation of the lateral wing of the meseth- 
moid is also expressed in the orientation of 
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its articular surface with the premaxilla that 
is more closely associated with the lateral 
portion of the ventral processes of the mes- 
ethmoid in Hydrolycus tatauaia, H. scom- 
beroides, and H. armatus compared to the 
condition in Cynodon and Hydrolycus wal- 
lacei (an Rhaphiodon the articular surface of 
the lateral wing of the mesethmoid with 
which the premaxilla articulates is less pro- 
nounced laterally). The condition observed 
in Hydrolycus tatauaia, H. scomberoides, 
and AH. armatus is hypothesized as a syna- 
pomorphy for that assemblage. 


The vomer in cynodontines is a massive 
bone that fills the space between the meseth- 
moid and lateral ethmoids. It is highly con- 
cave ventrally and dorsolaterally, being an 
inverted Y-shaped bone posteriorly in cross 
section (see character 13 below) with the an- 
gle between the two arms of the Y very 
acute, and the vertical process that forms a 
sagittal bony plate elongate, and contacting 
a similar bony plate of the mesethmoid an- 
teriorly. 

An inverted Y-shaped vomer was de- 
scribed for the Erythrinidae and Lebiasinidae 
by Weitzman (1964: 138). The angle be- 
tween the two arms of the Y in these families 
is not, however, as acute as in cynodontines. 
In erythrinids and lebiasinids the dorsolateral 
surface of the vomer forms an almost a 90° 
angle, whereas in cynodontines this angle is 
much greater. A vomer like that in cynodon- 
tines was observed only in Distichodus fas- 
ciolatus, among examined characiforms, 
with the overall shape of this ossification be- 
ing more similar to that of Cynodon. Modi- 
fications of the vomer that provide informa- 
tion about cynodontine intrarelationships are 
described below. 


11. Ventral crest of vomer 

In Hydrolycus species and Rhaphiodon the 
ectopterygoid is in close contact with the 
ventral surface of the vomer and not with the 
mesethmoid as in Cynodon (character 31 be- 
low). A close contact between the vomer and 
the ectopterygoid also occurs in Acestrorhyn- 
chus and Hepsetus but represents a different 
set of modifications than those found in the 
Cynodontinae. 

The ventral surface of the vomer in Hy- 
drolycus species and Rhaphiodon bears two 
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longitudinal crests (figs. 4, 6, and 8, lateral 
view) situated side by side and separated by 
a longitudinal groove. The ectopterygoid of 
each side abuts the ventrolateral portion of 
each crest, which serves as an area of attach- 
ment for the ligamentous tissue between 
these two elements. This crest is developed 
to varying degrees among cynodontines 
when present. It is relatively small in Rha- 
Phiodon and Hydrolycus wallacei and very 
developed in Aydrolycus scomberoides. A 
crest on the ventral surface of the vomer is 
lacking in Cynodon. 

In the majority of examined characiforms 
(with the exception of Acestrorhynchus and 
Hepsetus, see character 31) the ventral sur- 
face of the vomer is flat, with no conspicuous 
elaborations for the attachment of ligaments. 
In Agoniates a median ridge that delimits two 
fossa for the attachment of ligaments arises 
from the mesopterygoid. Gilbertolus atra- 
toensis possesses two small projections of 
bone on the ventral surface of the vomer onto 
which ligamentous tissues from the meso- 
pterygoid and ectopterygoid attach bearing 
some resemblance to those described for Hy- 
drolycus and Rhaphiodon. The ectopterygoid 
does not directly contact these processes in 
Gilbertolus atratoensis as it does in Hydro- 
lycus and Rhaphiodon. In the specimen of 
Roestes ogilviei examined, the processes are 
hardly noticeable, and they are absent in the 
examined specimen of R. molossus. 

Interpretation of the ventral processes on 
the vomer of Hydrolycus and Rhaphiodon is 
ambiguous under all optimizations of this 
character. In addition, the slight resemblance 
of the condition in those cynodontine taxa to 
that in Gilbertolus further complicates any 
conclusion about the evolution of this fea- 
ture. Therefore, this character was not hy- 
pothesized as synapomorphic for the species 
that possess it. Analyses that included, ex- 
cluded, or used different character codings of 
this character did not affect the resulting phy- 
logenetic hypothesis. 


12. Lateral arms of vomer 

In all cynodontines the two lateral bony 
plates forming the two arms of the inverted 
Y of the vomer are well developed along the 
posterior portion of the ossification. Some 
variation in the anterior portion of the vomer 
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is, however, observed among cynodontines. 
In Cynodon these two lateral bony plates are 
continuous all the way to the anterior portion 
of the vomer, nearly as far as the articulation 
with the mesethmoid. As a consequence, in 
Cynodon the vomer in cross section is an in- 
verted Y along its entire length. In all Ay- 
drolycus species and Rhaphiodon the lateral 
arms of the vomer gradually diminish in rel- 
ative size anteriorly, extending only onto the 
posterior half of the bone. As a consequence, 
from a ventral view, the concavity of the vo- 
mer is only evident posteriorly. Anteriorly 
the vomer in Aydrolycus species and Rha- 
Phiodon is not an inverted Y in cross section 
but rather flat ventrally. As already men- 
tioned, the vomer of Distichodus fasciolatus, 
is similar to that of Cynodon, with continu- 
ous bony plates along its entire length. 

In characiform outgroups that have a 
shape of the vomer similar to that in cyno- 
dontines (e.g., erythrinids, lebiasinines), and 
those in which the shaft of the vomer has a 
relatively constant width along its length 
(e.g., Hoplocharax, Heterocharax, gastero- 
pelecids) the lateral portion of the vomer 
usually extends beyond the longitudinal axis 
of the shaft of the vomer and is continuous 
along the length of the vomer. In other char- 
aciforms the vomer is a relatively flat ossi- 
fication that extends laterally to varying de- 
grees beyond the margin of the shaft. In most 
of these groups (e.g., Roestes, Gilbertolus, 
Acestrocephalus, Charax, and Brycon), there 
is an enlarged articular surface at the antero- 
lateral portion of the vomer that widens this 
portion of the bone. This articular surface is 
lacking in cynodontines. A direct comparison 
of the condition in these taxa to that in cy- 
nodontines is, as a consequence, further com- 
plicated. The condition described for Cyno- 
don, is most parsimoniously optimized as de- 
rived in the cladogram that resulted from the 
analysis but it is not at this time proposed as 
an additional synapomorphy for that genus 
since the condition in outgroups was coded 
as a missing entry. 


13. Vomer-palatine contact 

In all cynodontines the anterior portion of 
the palatine has a cartilaginous articular sur- 
face that abuts a matching articular facet in 
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the posterior edge of the main body of the 
vomer. 

Contact between the vomer and the pala- 
tine is relatively common among characi- 
forms. What differs, however, is the type of 
contact. The anterior cartilaginous surface of 
the palatine in characiforms typically con- 
tacts the anterolateral portion of the vomer 
by way of a relatively loose type of contact. 
In ctenoluciids the articular surface of the vo- 
mer is situated laterally between the anterior 
and posterior edges. Acestrorhynchus species 
seem to have a unique condition among char- 
aciforms in which the anterior portions of the 
palatine abuts against two ventral processes 
in the ventral surface of the vomer. In eryth- 
rinids the palatine contacts a ventral process 
in the mesethmoid through ligamentous at- 
tachments. Prochilodus has two large artic- 
ular surfaces located somewhat posteriorly 
on the vomer in contact with the palatine. 
However, the shape of the vomer in the latter 
genus is highly modified relative to that in 
most characiforms and this makes a direct 
comparison with the condition observed in 
cynodontines difficult. Roeboexodon also has 
two large articular surfaces in the vomer that 
contact the palatine. These articular surfaces 
although somewhat posterior in the vomer 
are oriented ventrally, and thus, are not di- 
rectly comparable to the condition in cyno- 
dontines. 

An articulation between the vomer and the 
palatine of the type observed in cynodontines 
also occurs in the Serrasalminae among ex- 
amined characiforms and has been hypothe- 
sized as a Synapomorphy for the latter group 
(Machado-Allison, 1983: 163). The phylo- 
genetic relationships of the Serrasalminae re- 
main unresolved. Machado-Allison (1983) 
discussed the problem and mentioned char- 
acters in common between serrasalmines and 
Brycon. Lucena’s (1993) study on relation- 
ships within the Characidae presented evi- 
dence supporting a close relationship be- 
tween serrasalmines, Chalceus, Brycon, and 
African characids, taxa lacking such vomer- 
palatine contact. In Hepsetus there is an elon- 
gate cartilaginous region at the posterior 
edge of the vomer that the cartilaginous sur- 
face of the anterior portion of the palatine 
contacts, a condition similar to that in cy- 
nodontines. Hepsetus is hypothesized as be- 
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ing closely related to the Ctenoluciidae and 
Erythrinidae, families with a different type 
of vomer-palatine contact. The vomer-pala- 
tine articulation found in these characiforms 
outgroups is, therefore, most parsimoniously 
cinsidered as originating independently from 
that in cynodontines, and therefore, the con- 
dition in the latter taxa is hypothesized as 
synapomorphic. 


14. Vomer-maxilla articulation 

The maxilla of cynodontines articulates 
with the lateral surface of the vomer at the 
anteroventral portion of the latter ossifica- 
tion. In this area of contact the vomer has a 
shallow depression. Anterodorsally this de- 
pression is roofed by the anteroventral por- 
tions of the ventral diverging lamella of the 
mesethmoid (see character 9 above), and the 
posteroventral portions of the lateral wing of 
the mesethmoid. The latter serves as an area 
for ligamentous attachment of the maxilla to 
the neurocranium (see character 10 above). 

In Hydrolycus species, the depression on 
the vomer is more accentuated than in Cy- 
nodon and Rhaphiodon, with the latter ex- 
hibiting a condition that is intermediate be- 
tween that of Cynodon and Hydrolycus. This 
feature demonstrates ontogenetic variation. 
In a small specimen of Rhaphiodon (BMNH 
1935.6.4: 33-39, 96.8 mm SL) the depres- 
sion is absent, whereas in a larger individual 
(MZUSP 32812, 191.0 mm SL) it is obvious. 
In very large specimens of Hydrolycus ar- 
matus the depression in the vomer is devel- 
oped and deep, forming a fossa (examined in 
a number of dry skeletons, e.g., AMNH 
91344SD, 400 mm SL). 

The differing degrees of development of 
the lateral depression in the vomer may be 
of phylogenetic interest among cynodonti- 
nes. The ontogenetic variation observed 
within species, and the continuous variation 
among species, complicates the definition of 
discrete character states, making their defi- 
nition impossible at this time. However, the 
presence of a varying developed depression 
on the lateral surface of the vomer associated 
with the articulation of the maxilla was not 
encountered outside the Cynodontinae 
among characiforms and, therefore, is hy- 
pothesized as an additional synapomorphy 
for the subfamily. 
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15. Ridge on lateral surface of vomer 

In large specimens of Hydrolycus the lat- 
eral surface of the vomer develops a ridge 
that interrupts the continuity of the concavity 
on the surface of the bone. Such a ridge is 
already developed in specimens of Hydroly- 
cus scomberoides, H. wallacei (fig. 6), and 
H. tatauaia of approximately 150 mm SL. In 
H. armatus it is absent in a specimen 136 
mm SL (LACM 43295-36), and in a speci- 
men 151.0 mm SL (MZUSP 32607) is only 
very slightly developed, represented by a 
thickening of bone in the area where the 
ridge is present in larger specimens. It is well 
developed in an H. armatus specimen of 200 
mm SL (MZUSP 32607). It was not possible 
to determine whether such a ridge is present 
in Rhaphiodon. In the largest Rhaphiodon 
specimen prepared for osteological exami- 
nation (MZUSP 32812, 191 mm SL), a 
thickening of bone is observed slightly pos- 
terior to where the tip of the ventral diverg- 
ing lamellae of the mesethmoid contacts the 
vomer. However, it is not continuous along 
the lateral surface of the bone as in other 
cynodontines with the ridge. Larger speci- 
mens of Rhaphiodon vulpinus have to be ex- 
amined to further investigate the presence of 
such a ridge in this species. Therefore, this 
character was, coded as a missing entry for 
the latter species. 

The lateral ridge of the vomer in Hydro- 
lycus species forms a link between the tip of 
the triangular portion of the ventral diverging 
lamella of the mesethmoid anteriorly, and the 
process that extends from the lateral ethmoid 
posteriorly. This entire portion becomes mas- 
sively developed in very large specimens of 
Hydrolycus (observed in dry skeletons of H. 
armatus), forming a continuous bridge ex- 
tending from the mesethmoid to the lateral 
ethmoid. As a consequence, the median ver- 
tical plate of the vomer that is continuous 
with the remaining lateral surface of the vo- 
mer in small specimens seems almost a sep- 
arate ossification occupying a more internal 
medial position, in the large specimens. 

No such ridge on the lateral surface of the 
vomer was observed in any of the specimens 
of Cynodon. A bridge uniting the lateral eth- 
moid and mesethmoid is also present in Cy- 
nodon; however, it is formed by extensions 
of these two elements that are in direct con- 
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tact with each other (in Hydrolycus these two 
elements are not in direct contact). 

A distinct ridge on the dorsolateral surface 
of the vomer occurs in Agoniates and Disti- 
chodus fasciolatus among examined chara- 
ciforms. This ridge is also in contact anteri- 
orly with a process extending from the mes- 
ethmoid and posteriorly with a process from 
the lateral ethmoid. Presence of such a ridge 
on the lateral surface of the vomer is hy- 
pothesized as derived. 

The relationships of Agoniates have been 
briefly discussed in the previous section. Dis- 
tichodus is related to members of the Disti- 
chodontidae and Citharinidae (Vari, 1979), 
which lack the ridge on the vomer. The pres- 
ence of the ridge on the vomer is most par- 
simoniously hypothesized as an independent 
acquisition in these outgroups. 

The ridge on the dorsolateral surface of the 
vomer cannot be unambiguously hypothe- 
sized as synapomorphic for Hydrolycus at 
this time, pending a better definition of the 
condition in Rhaphiodon. 


16. Rhinosphenoid 

All Hydrolycus species and Rhaphiodon 
have a rhinosphenoid (figs. 4—6, and 8). Such 
a distinct ossification is absent from Cyno- 
don. 

The rhinosphenoid was first named and 
described by Starks (1926: 164) for Rha- 
Phiodon vulpinus. In that species and all Hy- 
drolycus species except H. scomberoides, the 
rhinosphenoid is a flat, and widely curved 
rod. Anteriorly it attaches to the midsagittal 
portion of the lateral ethmoids. Posteriorly it 
connects the medial portion of the orbito- 
sphenoid (fig. 6). Ventrally, it contacts the 
parasphenoid through cartilage. It extends 
dorsally to contact the roof of the braincase 
just anterior to the fontanel. The dorsal ex- 
tension of the rhinosphenoid forms a septum 
between the olfactory nerves as they issue 
from the anterior portion of the orbitosphe- 
noid. In large specimens of these taxa the 
dorsolateral portion of each side of the or- 
bitosphenoid develops a process that extends 
anteriorly and medially to meet the dorsal 
portion of the rhinosphenoid. As a conse- 
quence, two anterior openings for the olfac- 
tory nerve are delimited in the orbitosphe- 
noid. The dorsal extension of the rhino- 
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sphenoid develops later ontogenetically than 
the remaining ossification. Specimens of Hy- 
drolycus armatus smaller than 151.0 mm SL 
(fig. 5) and Rhaphiodon vulpinus of 96.8 mm 
SL (BMNH 1935.6.4: 33-39) have only the 
ventral portion of the ossification developed. 
Larger specimens (approximately 200.0 mm 
SL) have the dorsal extension of the rhino- 
sphenoid well developed (compare figs. 5 
and 6). A specimen of Hydrolycus tatauaia 
(MZUSP 32630, 151.2 mm SL) has the dor- 
sal extension of the rhinosphenoid well de- 
veloped. 

In H. scomberoides the rhinosphenoid is 
reduced compared to that of the remaining 
cynodontines with this ossification (fig. 4). 
The dorsal extension is lacking in all speci- 
mens prepared for osteological examination, 
the largest being 241.0 mm SL (AMNH 
40087SD, dry skeleton). The ventral portion 
of the rhinosphenoid in H. scomberoides is 
also reduced, and consists of a small curved 
rod filling the space between the orbitosphe- 
noid and lateral ethmoids immediately dorsal 
to the parasphenoid. 

The rhinosphenoid has been reported only 
among characiforms. Within the order, in ad- 
dition to cynodontines, it also occurs in many 
lineages of the Characinae (sensu Weitzman, 
1962), such as Acestrorhynchus, Roestes, 
Gilbertolus, Agoniates, Brycon, and others. 

In Acestrorhynchus the rhinosphenoid is in 
contact with the parasphenoid, a feature that 
has been considered unique for the genus 
(Menezes and Géry, 1983). In small speci- 
mens this contact is made through cartilage 
between the two ossifications, whereas in 
larger specimens the bones are in direct con- 
tact. In Hydrolycus species and Rhaphiodon 
vulpinus the rhinosphenoid also contacts the 
parasphenoid through cartilage, with direct 
contact between the bones in larger speci- 
mens. 

The absence of a rhinosphenoid is consid- 
ered derived for Cynodon, with the absence 
of this ossification in other characiform lin- 
eages hypothesized as independent events. 


17. Lateral ethmoid—orbitosphenoid contact 
Cynodon, Rhaphiodon vulpinus, and Hy- 
drolycus scomberoides have a type of lateral 
ethmoid—orbitosphenoid contact in which the 
dorsomedial portion of the lateral ethmoid 
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bears a process extending posteriorly and 
contacting the anterodorsal portion of the lat- 
eral edge of the orbitosphenoid (fig. 7). This 
process originates dorsal to the olfactory fo- 
ramen through the lateral ethmoid. 

In small specimens of these taxa the an- 
teromedian opening of the orbitosphenoid is 
open to the orbital cavity and it is covered 
dorsolaterally by the contact between the lat- 
eral ethmoid and orbitosphenoid. In larger 
specimens of Cynodon gibbus (MZUSP 
32593, 179.0 mm SL, cleared and stained; 
AMNH 93079SD, 240.0 mm SL, dry skele- 
ton), the contact between the lateral ethmoid 
and orbitosphenoid is enlarged by the dorsal 
growth of these two elements. As a conse- 
quence of this expansion and the growth of 
the ventral lamella of the frontal, the dorso- 
lateral portion of the anteromedian opening 
of the orbitosphenoid is completely covered. 
The ventral portion of the lateral ethmoid 
process extends medially to almost meet the 
medial outgrowth of the same process of the 
contralateral ossification (I was unable to de- 
termine whether or not the process from each 
side meets ventromedially). The anterome- 
dian opening for the olfactory nerve is re- 
stricted to the ventral portion of the orbito- 
sphenoid. The olfactory foramen of the lat- 
eral ethmoid is positioned entirely ventral to 
the ventromedial portion of the lateral eth- 
moid process. It appears that the orbital cav- 
ity through which the olfactory nerve ex- 
tends is restricted to a ventral position be- 
tween the orbitosphenoid and lateral eth- 
moid. 

Contact between the lateral ethmoid and 
orbitosphenoid is considered a derived con- 
dition in characiforms (Vari, 1979: 279) and 
it seems to have originated independently in 
the various groups where it occurs, 1.e., the 
African characiforms Distichodontidae, Cith- 
arinidae, some Alestes species, Bryconae- 
thiops, Hydrocynus, and the Neotropical 
groups Anostomidae, Curimatidae, Prochil- 
odontidae, Lebiasinidae, and Parodontidae 
(Vari, 1979: 279-283). A type of lateral eth- 
moid-orbitosphenoid contact similar to that 
of cynodontines occurs in Piabucina, Lebi- 
asina bimaculata, and Pyrrhulina sp. but is 
less developed in the latter two species. 

The contact between the orbitosphenoid 
and lateral ethmoid in most groups men- 
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tioned above is of a different type than that 
in cynodontines. In distichodontids the lat- 
eral ethmoid process that contacts the orbi- 
tosphenoid originates from the ventral por- 
tion of that element (Vari, 1979: 280). The 
dorsal contact between these two elements in 
citharinids that is similar to that in cynodon- 
tines, but a second articulation between them 
is formed mainly by an anterior extension of 
the orbitosphenoid (Vari, 1979). In the Ales- 
tinae and Hydrocynus the process between 
the lateral ethmoid and orbitosphenoid is 
formed entirely by the latter element and is 
a bony tube surrounding the olfactory nerve 
(Roberts, 1969: 441; Brewster, 1986: 191). 
In Neotropical characiforms, contact between 
the lateral ethmoid and orbitosphenoid is 
made by a dorsal and ventral process. In all 
groups mentioned above, the processes be- 
tween the lateral ethmoid and orbitosphenoid 
are associated with varying degrees of cov- 
erage of the olfactory bulb and tract. 

The contact between the lateral ethmoid 
and orbitosphenoid is most parsimoniously 
hypothesized as derived for the clade formed 
by Cynodon and Rhaphiodon vulpinus with 
an independent origin in Hydrolycus scom- 
beroides. 


18. Orbitosphenoid-parasphenoid distance 
All cynodontines have the orbitosphenoid 

in direct contact with the parasphenoid. 

However, the distance between the main por- 
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tion of the orbitosphenoid and the para- 
sphenoid differs among them. Aydrolycus 
wallacei, H. tatauaia, and H. armatus have 
the main portion of the orbitosphenoid well 
separated from the parasphenoid, with an 
elongate bony plate extending from the or- 
bitosphenoid ventrally to contact the para- 
sphenoid (figs. 5, 6). In Cynodon and Rha- 
Phiodon vulpinus the distance between the 
parasphenoid and orbitosphenoid is greatly 
reduced and these two elements are in con- 
tact just ventral to the main body of the or- 
bitosphenoid (figs. 7, 8). Hydrolycus scom- 
beroides has an intermediate condition in 
which the bony plate contacting these two 
elements is not as dorsoventrally elongate as 
in the remaining Hydrolycus species (fig. 4), 
but is relatively more developed than in Cy- 
nodon and Rhaphiodon. 

Many characiforms have the parasphenoid 
and orbitosphenoid remote from each other 
(e.g., Brycon, Roestes, Gilbertolus, Charax, 
the Heterocharacini, Acestrocephalus, Aces- 
trorhynchus, and Serrasalmus). Such a sep- 
aration was listed as one of the distinguishing 
features for the Characinae (Weitzman, 1962: 
48), and also occurs in the Hemiodontinae 
(Roberts, 1974: 416). An _ orbitosphenoid 
close to the parasphenoid occurs in the Cten- 
oluciidae, Erythrinidae, Lebiasinidae, Hep- 
setus (Roberts, 1969: 406), Galeocharax, and 
the prochilodontids Semaprochilodus and 
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Prochilodus (Roberts, 1973: 217). Galeo- 
charax is more closely related to characids 
such as Acestrocephalus (Menezes, 1976) 
and Charax (Lucena, 1993); Semaprochilo- 
dus and Prochilodus are part of a monophy- 
letic assemblage formed by the Curimatidae, 
Prochilodontidae, Anostomidae and Chilo- 
dontidae (Vari, 1983), all with well-separated 
parasphenoids and orbitosphenoids. The phy- 
logenetic relationships of the clade formed 
by the Ctenoluciidae, Erythrinidae, Lebiasin- 
idae, and Hepsetus (Vari, 1995) have not 
been the subject of investigation. However, 
in view of the current evidence for cynodon- 
tine relationships with Gilbertolus, Roestes, 
and Acestrorhynchus (see Historical Over- 
view and Comments on Cynodontine Rela- 
tionships with Other Characiforms), all of 
which have the orbitosphenoid well separat- 
ed from the parasphenoid, the condition in 
Cynodon and Rhaphicdon is hypothesized as 
derived. 

The orbitosphenoid close to the para- 
sphenoid is hypothesized as a synapomorphy 
for the clade formed by Cynodon and Rha- 
Phiodon, and the intermediate condition pre- 
sent in Hydrolycus scomberoides is consid- 
ered autapomorphic for that species. 


19. Dilatator fossa 

The dilatator groove in cynodontines has 
some modifications relative to the condition 
in other characiforms. These modifications 
are most probably correlated with the origin 
of the dilatator operculi muscle in the orbit. 
The cranial musculature of cynodontines was 
studied by Howes (1976) who noted that in 
all cynodontine genera the dilatator operculi 
muscle has two origins. One is dorsally from 
the frontal-sphenotic groove, which extends 
onto the cranial roof, and the other is ven- 
trally from the deep cavity that lies between 
the frontal and the orbitosphenoid. 

The typical form of the dilatator groove in 
characiforms is one in which the frontal is 
strongly indented where it overlies the 
sphenotic, providing a sharp dorsal rim for 
the dilatator groove. The dilatator operculi 
originates from the fossa formed by the fron- 
tal and sphenotic, and in many cases by the 
lateral border of the pterotic (Roberts, 1969: 
410 for Brycon, with discussion of variation 
of this pattern; Howes, 1976). In characi- 
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forms with this pattern, the dilatator muscle 
does not extend anteriorly onto the dorsal 
surface of the cranial roof past the postero- 
dorsal margin of the orbit. (Note: different 
patterns of the dilatator groove occur in the 
Ctenoluciidae, Erythrinidae, and Acestror- 
hynchus and they represent a set of modifi- 
cations different from those observed for cy- 
nodontines and will not be considered here. 
See Vari, 1995: 13-15 for details on the pat- 
terns the dilatator groove in these taxa.) Only 
in cynodontines is the dilatator fossa greatly 
expanded anteriorly, covering most of the 
dorsal surface of the frontal. An expanded 
dilatator groove extending onto the dorsal 
surface of the frontal at the middle of the 
orbit was reported for Cynopotamus (Menez- 
es, 1976: 6). Cynodontines, as described 
above, have an even more developed dilata- 
tor fossa, a condition unique among chara- 
ciforms and considered synapomorphic. 


Different modifications of the neurocrani- 
um associated with the expansion of the di- 
latator fossa are observed within cynodonti- 
nes. One modification occurs at the postero- 
dorsal edge of the orbit, where the frontal 
and the dorsal portions of the sphenotic spine 
overlap to provide the dorsal rim for the di- 
latator groove. In the usual condition among 
characiforms, the dorsal portion of the sphe- 
notic spine contacts the ventrolateral margin 
of the frontal, forming a continuous rim for 
the dilatator fossa that is developed laterally 
to varying degrees. This rim is very reduced 
in cynodontines as a function of two main 
modifications of this portion of the neurocra- 
nium. The first one is a function of the de- 
velopment of the frontal shelf at the postero- 
dorsal edge of the orbit (character 20 below). 
The second relates to the differing degree of 
development of the dorsal portion of the 
sphenotic spine (character 21 below). 


20. Frontal shelf at posterodorsal edge of or- 
bit 

In most characiforms with a primitive 
form of the dilatator fossa, the area at the 
posterodorsal edge of the orbit has developed 
a lateral shelf that is continuous with the dor- 
sal area of the sphenotic spine. This shelf can 
vary from moderately to well developed in 
these groups. 

In all cynodontines, the frontal shelf at the 
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posterodorsal margin of the orbit is either re- 
duced or absent. The reduction of the pos- 
terior frontal shelf is probably associated 
with the type of insertion of the dilatator op- 
erculi muscle which, according to Howes 
(1976: 215), has two origins, one on the dor- 
sal surface of the frontal and a second from 
the space between the frontal and orbito- 
sphenoid. A reduction of the frontal shelf 
would provide a passageway for the muscle 
to reach the ventral portion of the frontal. A 
reduced frontal shelf at the posterodorsal 
margin of the orbit also occurs in Acestro- 
cephalus sardina, Acanthocharax microlepis, 
and Gnathocharax among examined chara- 
ciform outgroups. However, the dilatator op- 
erculi muscle in these species apparently 
lacks a ventral origin as in cynodontines 
(Howes, 1976: 235). This region of the fron- 
tal in Acestrorhynchus is restructured in a 
different way, associated with the speciali- 
zation of the dilatator fossa in this genus 
(coded as a missing entry for this character). 

In Aydrolycus tatauaia and H. armatus 
(fig. 5), the frontal shelf at the posterodorsal 
edge of the orbit, although reduced, is pres- 
ent and is slightly more developed in larger 
specimens. A further reduction of the shelf 
of the frontal occurs in Cynodon, Rhaphio- 
don, Hydrolycus wallacei, and H. scomber- 
oides (figs. 4, 6-8). In these taxa the shelf is 
completely lacking. According to the most 
parsimonious hypotheses of cynodontine in- 
trarelationships, the lack of the frontal shelf 
at the posterodorsal edge of the orbit is in- 
terpreted as a derived condition, synapo- 
morphic for the Cynodontinae, with a partial 
secondary reversal to a small shelf in Hydro- 
lycus tatauaia and H. armatus as a derived 
character for the clade formed by these two 
species. 


21. Dorsal portion of sphenotic spine 
Cynodon, Rhaphiodon, and Hydrolycus 
scomberoides have a reduction in the dorsal 
portion of the sphenotic spine proximal to the 
main body of the neurocranium such that the 
sphenotic spine no longer contacts the ven- 
trolateral margin of the frontal (figs. 4, 7, 8). 
In all other Hydrolycus species the dorsal 
portion of the sphenotic spine extends dor- 
sally to contact the margin of the frontal, a 
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condition similar to that found in most char- 
aciform outgroups. 

A reduction of the dorsal portion of the 
sphenotic spine is also common to ctenolu- 
ciids, erythrinids, and lebiasinines. However, 
this reduction is accompanied by a longitu- 
dinal expansion of the remainder of the 
spine, causing a restructuring (Vari, 1995: 
14). No such restructuring of the spine oc- 
curs in the Cynodontinae and the modifica- 
tion in cynodontines does not seem to cor- 
respond to that in the groups mentioned 
above. Characidiins have a reduced sphe- 
notic in which the sphenotic bone excludes 
the origin of the dilatator operculi muscle 
from the lateral margin of frontal, a condition 
not directly comparable to other characi- 
forms (Buckup, 1991: 216). Serrasalmus has 
a modified sphenotic spine, a feature appar- 
ently related to the condition of the levator 
arcus palatini muscle (Machado-Allison, 
1985: 25). Modifications of the sphenotic 
spine were also described and proposed as a 
synapomorphy for an assemblage within dis- 
tichodontids (Vari, 1979: 285—289). Such 
modifications are different from those de- 
scribed for the Cynodontinae. The reduction 
of the dorsal portion of the sphenotic spine 
in cynodontines is hypothesized as synapo- 
morphic for the clade formed by Cynodon 
and Rhaphiodon with an independent acqui- 
sition in Hydrolycus scomberoides. 


22. Anterior shelf of frontal 

The anterior portion of the frontal shelf in 
cynodontines also shows some modifications 
as a consequence of the expansion of the di- 
latator fossa and the area of attachment of 
the dilatator operculi muscle. 

Hydrolycus armatus has the least modified 
form of such a shelf among cynodontines rel- 
ative to the condition in characiform out- 
groups. Anteriorly the shelf of the frontal in 
this species covers the dorsal surface of the 
lateral ethmoids, extending laterally relative 
to the longitudinal axis of the body. In small- 
er specimens (LACM 43295-36, 135.9 mm 
SL; MZUSP 32607, 2 specimens, 151.4—200 
mm SL) the anterior portion of the frontal 
shelf is represented by a very narrow bony 
platform but is wider in larger specimens. In 
Aydrolycus tatauaia the anterior shelf of the 
frontal is similar to that in H. armatus, al- 
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though relatively less pronounced. Even the 
largest specimen of H. tatauaia prepared for 
osteological examination (MZUSP 32632, 
257.0 mm SL) has a narrower shelf than 
smaller specimens of H. armatus. In H. wal- 
lacei the anterior shelf of the frontal is com- 
pletely absent (largest specimen prepared for 
osteological examination, MZUSP 32638, 
163.0 mm SL). As noted in AH. armatus, this 
shelf is considerably more developed in rel- 
atively large specimens (examined in dry 
skeletons preparations, AMNH 91342SD, 
450 mm SL). Since HAydrolycus tatauaia 
reaches sizes comparable to that of H. ar- 
matus, it is possible that the shelf also is 
more developed in larger specimens of the 
latter species. Hydrolycus wallacei does not 
seem to reach sizes comparable to the latter 
two species (largest specimens examined, 
MCNG 21901, 335 mm SL), but it is pos- 
sible that specimens larger than those avail- 
able for study might have the frontal shelf 
more developed. 

Cynodon, Rhaphiodon, and Hydrolycus 
scomberoides have the anterior shelf of the 
frontal relatively more expanded than in H. 
armatus. It also extends more ventrally rel- 
ative to the longitudinal axis of the body than 
does the shelf in H. armatus. As a conse- 
quence a deep groove is formed between the 
shelf of the frontal and the orbitosphenoid. 
In A. scomberoides the anterior frontal shelf 
is truncated at the midline of the orbit. Al- 
though the anterior shelf of the frontal is ex- 
panded in all of the three taxa mentioned 
above, in each of them the shelf has a dif- 
ferent shape. In Rhaphiodon the margin of 
the anterior shelf of the frontal is straight 
ventrally, whereas in Cynodon it has a 
curved edge. In Hydrolycus armatus the area 
between these two elements is shallower and 
more open. The different conditions of the 
anterior shelf of the frontal in cynodontines 
are partially shown in figures 4-8. 

A frontal bone with an expanded platform 
located lateral to the supraorbital canal and 
projecting over the lateral ethmoid was noted 
by Buckup (1991: 215) for some characi- 
forms e.g., Charax, Cynopotamus, Tetragon- 
opterus, Bryconops, Oligosarcus and Phen- 
acogaster. That condition resembles that of 
HAydrolycus armatus within cynodontines and 
was also noted for Roestes and Gilbertolus. 
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However, the condition of a relatively ex- 
panded anterior shelf of the frontal of Cy- 
nodon, Rhaphiodon, and Hydrolycus scom- 
beroides is considered derived. However, 
proposing this feature as synapomorphic for 
clades within the Cynodontinae is problem- 
atic due to the high degree of variation of the 
shelf in the three taxa, which complicates or- 
dering them in a sequence that diverge from 
the putatively primitive condition. Further- 
more, in Hydrolycus wallacei the shelf is ab- 
sent, a condition different from that of other 
cynodontines. Consequently, the various 
conditions of the anterior shelf of the frontal 
are herein only hypothesized as autapo- 
morphic for AHydrolycus scomberoides, H. 
wallacei, and Rhaphiodon vulpinus, with the 
condition of Cynodon considered synapo- 
morphic for the genus. 


23. Third posttemporal fossa bordered by 
epioccipital and exoccipital 

All cynodontines possess a vertically ovate 
posttemporal fossa bordered by the epioccip- 
ital and exoccipital. The hypothesized ple- 
siomorphic condition of the posttemporal 
openings in characiforms consists of a dorsal 
and a posterolateral fossa on each side of the 
neurocranium (Vari, 1979: 289; 1983: 37). 
The dorsal fossa is bordered by the supra- 
occipital, the parietal, and the epioccipital. 
The posterolateral fossa is bordered by the 
pterotic and epioccipital. A third posttem- 
poral fossa bordered by the epioccipital and 
exoccipital was described for the Citharini- 
dae and Distichodontidae by Vari (1979: 
289), who also discusses the presence of 
such a fossa in cynodontines. Although a 
third posttemporal fossa also occurs in the 
families Curimatidae (Vari, 1983: 37), Hem- 
iodontidae, and Parodontidae (Roberts, 
1974), and Hydrocynus (Brewster, 1986) the 
fossa in those taxa is contained entirely with- 
in the epioccipital (Vari, 1983: 37; Brewster, 
1986: 168). 

In the present study, a third posttemporal 
fossa similar to that of cynodontines (i.e. bor- 
dered by both the epioccipital and exoccipi- 
tal) was noted in Roestes, Gilbertolus atra- 
toensis, Heterocharax, Lonchogenys, and 
Gnathocharax sp., and it is hypothesized as 
a derived condition. Whether or not this fea- 
ture would provide support for a hypothesis 
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of a close relationship between all the taxa 
involved depends on a detailed analysis of 
characiform relationships focusing on a high- 
er level of universality. 


24. Dorsal posttemporal fossa 

Cynodon species lack the dorsal posttem- 
poral fossa that is bordered by the supraoc- 
cipital, parietal, and epioccipital in characi- 
form outgroups. The lack of this fossa, (also 
in the citharinids Citharinus and Cithari- 
dium) was hypothesized as derived by Vari 
(1979: 289). Carnegiella vesca among the 
Gasteropelecidae has a reduced dorsal post- 
temporal fossa (Weitzman, 1954: 218). In the 
present study such a fossa was found to be 
apparently lacking in the examined speci- 
mens of Gasteropelecus sternicla. The taxa 
mentioned above are not closely related to 
cynodontines, with the relationships of Cith- 
arinus and Citharidium being with the Dis- 
tichodontidae (Vari, 1979). The relationships 
of the Gasteropelecidae are not fully re- 
solved, but the family has been hypothesized 
as being most closely related to some char- 
acid lineage close to Astyanax, Brycon, and 
Bryconamericus (Weitzman, 1954: 231). 
Therefore, the lack of the dorsal posttempo- 
ral fossa is hypothesized as independent in 
citharinids, gasteropelecids, and Cynodon 
with the condition in the latter genus consid- 
ered synapomorphic. 


25. Basioccipital 

In all cynodontine species the portion of 
the basioccipital that articulates with the ver- 
tebral column is flared posteriorly, forming a 
receptacle for the first centrum. This feature 
was previously noted by Nelson (1949: 501) 
for Rhaphiodon vulpinus. Ventrally, this pos- 
terior projection of the basioccipital is in- 
dented and forms two ventral processes. The 
posterior expansion of the basioccipital be- 
comes even more pronounced in larger spec- 
imens in which it covers the first centrum 
almost completely. The first centrum in these 
specimens is only seen from a dorsal view, 
and ventrally from the indented portion of 
the basioccipital projection. A condition of 
the craniovertebral joint as described for cy- 
nodontines is unique to this assemblage 
among examined outgroups and hypothe- 
sized as a synapomorphy. 
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Fig. 9. 
lacei, MZUSP 32638; and (B) Cynodon gibbus, 
MZUSP 32587; left side, lateral view, anterior to 
left. 


Hyomandibula of (A) Hydrolycus wal- 
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26. Hyomandibula 

In all Hydrolycus species and Rhaphiodon 
vulpinus, the shaft of the hyomandibula that 
rests against the dorsomedial face of the 
preopercle is largely separate from the main 
body of the bone and forms a short process 
that extends ventrally from the condylar ar- 
ticular surface for the opercle (fig. 9A). In 
Cynodon, such a process is absent, and the 
contact of the hyomandibula with the pre- 
opercle is in the form of a groove, extending 
along the arm of the hyomandibula (fig. 
9B),—a condition widespread in characiform 
outgroups. The condition present in Hydro- 
lycus and Rhaphiodon is unique among ex- 
amined outgroups. 

Two alternative, equally parsimonious, hy- 
potheses are possible for this character. The 
first is the acquisition of the process in the 
ancestor of the Cynodontinae clade, with its 
subsequent loss in Cynodon. Alternatively, 
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the process may have arisen independently in 
the genera Hydrolycus and Rhaphiodon. 


27. Symplectic 

The symplectic in cynodontines is fairly 
elongate, its posterior portion bearing a 
bladelike process extending dorsally from its 
main body and fitting snugly into a groove 
in the medial face of the lower arm of the 
hyomandibula (fig. I1OA). This groove is 
roofed over dorsally. As a consequence, the 
dorsalmost portion of the symplectic is com- 
pletely enclosed within the hyomandibula, a 
condition absent in all other examined char- 
aciforms. 

In most characiforms the contact of the 
symplectic with the hyomandibula is formed 
exclusively by a synchondral joint (fig. 10B) 
(which is also present in cynodontines) lat- 
eral to the dorsal extension of the bone. 

Erythrinids also have a well-developed 
symplectic. However, the condition in this 
family differs from that in the Cynodontinae. 
In Hoplerythrinus unitaeniatus and Erythri- 
nus erythrinus the lamellar process of the 
symplectic extends toward and contacts the 
metapterygoid (a slight contact of a lamellar 
process of the symplectic with the metapter- 
ygoid was also observed in Boulengerella la- 
teristriga among ctenoluciids). The symplec- 
tic process and the hyomandibula are in 
slight contact along their margins. The sym- 
plectic in Hoplias (fig. 10C), in addition to 
contacting the metapterygoid, extends dor- 
sally to also contact the medial surface of the 
hyomandibula. Although there is a shallow 
groove in the portion of the hyomandibula 
where the dorsal process of the symplectic 
fits, this groove is never roofed over dorsally 
as in cynodontines. Erythrinids are more 
closely related to ctenoluciids, lebiasinids, 
and Hepsetus (Vari, 1995), taxa which lack 
an extended contact between the symplectic 
and the hyomandibula, so that the develop- 
ment of an intimate contact between these 
two elements in cynodontines and erythrinids 
is most parsimoniously hypothesized to be an 
independent acquisition. 

Given its unique nature within characi- 
forms, the condition observed in the Cyno- 
dontinae is proposed as synapomorphic for 
the subfamily. 

Ontogenetic variation in this character was 
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observed in Rhaphiodon vulpinus. Speci- 
mens of 41.6—48.5 mm SL (USNM 231549) 
have the process on the symplectic extending 
dorsally. But at these sizes the groove on the 
hyomandibula, into which the process fits in 
larger specimens, is absent. In a larger spec- 
imen (BMNH 1935.6.4: 33-39, 95.3 mm SL) 
the groove and the dorsally situated roof as- 
sociated with it are both present. At this stage 
the symplectic process fits in the groove of 
the hyomandibula but does not extend all the 
way into the roofed portion. In a larger spec- 
imen, MZUSP 32812 (191.0 mm SL), the 
process on the symplectic extends all the way 
into the roofed portion of the groove in the 
hyomandibula. 


28. Metapterygoid teeth 

Metapterygoid teeth are found in all Hy- 
drolycus species and Rhaphiodon vulpinus. 
Of the two cleared and stained specimens of 
H. scomberoides examined (MZUSP 26177, 
120.6 mm SL, MZUSP 32093, 143.4 mm 
SL), only the smaller has metapterygoid 
teeth, which are also present in one dry skel- 
eton of H. scomberoides examined (AMNH 
40087, 241.0 mm SL). It is unlikely that this 
is a function of ontogenetic change of this 
feature since the intermediate-size specimen 
(143.4 mm SL, mentioned above) lacks teeth 
on the metapterygoid. Rather it seems that 
there is intraspecific variation in the presence 
of these teeth in H. scomberoides. All ex- 
amined specimens of Cynodon species lack 
metapterygoid teeth. 

The metapterygoid teeth are found mainly 
on the dorsal half of the ossification, distrib- 
uted in patches of different sizes. Some spec- 
imens have a broad patch of metapterygoid 
teeth and in others the patches are very 
small. The teeth are arranged in separate 
tooth plates fused with the metapterygoid or 
can be individually coalesced directly with 
that bone. 

Within actinopterygians, toothed metapter- 
ygoids have been reported only for Amia and 
Polypterus (Arratia and Schultze, 1991) and 
were described as separate tooth plates that 
fuse to each other and with the metaptery- 
goid and appear late in ontogeny. 

The presence of teeth in the metapterygoid 
of Hydrolycus species and Rhaphiodon vul- 
pinus is a unique condition in characiforms 
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Fig. 10. Symplectic and adjoining bones of (A) Hydrolycus armatus, MZUSP 32607; (B) Acestror- 
hynchus lacustris, MZUSP 27893; and (C) Hoplias sp., MZUSP 32372; left side, medial view, anterior 


to right. 


and there are two equally parsimonious ex- 
planations for the distribution of this char- 
acter. The first is the acquisition of meta- 
pterygoid teeth in the ancestor of the Cyno- 
dontinae, with its subsequent loss in Cyno- 
don. Alternatively, metapterygoid teeth may 
have had independent origins in Hydrolycus 
and Rhaphiodon vulpinus. 


29. Mesopterygoid teeth 

Cynodontines possess a broad patch of 
very small teeth that almost entirely cover 
the buccal surface of the mesopterygoid. 

These teeth are present only in a few char- 
aciforms: they were observed in a few (but 
not all) Acestrorhynchus species and in Le- 
biasina bimaculata (coded as absent by Vari, 
1995: 7). Within ctenoluciids, Vari (1995: 
24) mentioned the presence of mesoptery- 
goid teeth in Boulengerella lateristriga and 
B. maculata. Such dentition was also ob- 
served in one specimen of B. cuvieri 
(MZUSP 24162, 138 mm SL). Among eryth- 


rinids, such teeth were found in this study in 
Hoplerythrinus unitaeniatus and Hoplias sp. 
In the latter species (MZUSP 32372, 86.8 
mm SL) there is only a very small patch of 
teeth on the lower surface of the mesopter- 
ygoid of the left side of the head. On the 
right side there are only two teeth loosely 
attached to the mesopterygoid. According to 
Vari (1995: 7) and Oyakawa (personal com- 
mun.) mesopterygoid teeth are absent from 
Hoplias. It is possible that there is interspe- 
cific and/or ontogenetic variation in this fea- 
ture within Hoplias, Boulengerella cuvieri, 
and Lebiasina bimaculata. Within the Char- 
acinae (sensu Eigenmann, 1909), mesopter- 
ygoid teeth were observed in one specimen 
of Roeboides sp. (AMNH 40198, 64.9 mm 
SL) in the form of a toothplate attached to 
the mesopterygoid bone. A smaller specimen 
from the same lot (51.6 mm SL) and one 
specimen of R. paranensis (MZUSP 19830) 
lack mesopterygoid teeth. Teeth on the me- 
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sopterygoid were absent in all specimens of 
Roeboides examined by Lucena (1993: 116). 
In addition, mesopterygoid teeth have also 
been reported in Crenuchus (Buckup, 1991: 
265). 

Mesopterygoid teeth are a feature that 
varies among taxa that have been proposed 
as closely related to cynodontines: they are 
absent in Roestes and Gilbertolus, but pre- 
sent in most Acestrorhynchus species. There- 
fore, the presence of teeth in the mesopter- 
ygoid cannot be unequivocally proposed as 
an additional synapomorphy for the Cyno- 
dontinae at this time. 

The presence of teeth in other characiform 
groups mentioned above (except Acestror- 
hynchus) is most parsimoniously interpreted 
as an independent acquisition relative to cy- 
nodontines. 


30. Ectopterygoid teeth 

All cynodontines have very small teeth ar- 
ranged in a patch covering most or all of the 
medial surface of the ectopterygoid bone 
(fig. 11). 

Teeth on the ectopterygoid occur in di- 
verse characiforms including Acestrorhyn- 
chus (Menezes, 1969: 35), the Ctenoluciidae 
(Vari, 1995: 23), various lebiasinids, the 
Erythrinidae (Weitzman, 1964: 144-145), 
Oligosarcus (Menezes, 1969: 12,15), the 
Serrasalminae (Machado-Allison, 1983: 169, 
and 1985: 33 for ontogenetic variation), the 
Characidiinae (Buckup, 1993: 241), Crenu- 
chus (Buckup, 1991: 265), and Xenocharax. 
Weitzman (1964: 134) suggested that the 
presence or absence of ectopterygoid teeth 
may be of little phylogenetic importance, be- 
cause of considerable intraspecific variation 
and variation among closely related species. 

However, the morphology and pattern of 
teeth arrangement in the ectopterygoid bone 
seem to provide some information about re- 
lationships in a few characiform groups. 
Within ctenoluciids, for instance, Vari (1995: 
23) reported differences in ectopterygoid 
teeth patterns between Ctenolucius and Bou- 
lengerella and hypothesized that the condi- 
tion of very small teeth was derived for the 
latter genus. The serrasalmids Serrasalmus 
and Pristobrycon have cuspidate ectoptery- 
goid teeth (Machado-Allison, 1985: 33) as 
opposed to the conical teeth present in the 
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majority of characiforms. These were hy- 
pothesized by that author as a synapomorphy 
for these genera (Oligosarcus was herein ob- 
served to also have cuspidate ectopterygoid 
teeth). Within erythrinids, the size and dis- 
tribution of teeth on the ectopterygoid bone 
also differ. No differences in pattern of ec- 
topterygoid teeth were observed in cynodon- 
tines. All members of the group have a broad 
patch of very small teeth covering most of 
the ventral surface of that bone, a condition 
similar to that described by Vari (1995: 23) 
for Boulengerella. In the remaining characi- 
form outgroups in which mesopterygoid 
teeth are present, they are usually larger rel- 
ative to the condition observed in cynodon- 
tines and Boulengerella. The latter genus is, 
however, more closely related to Ctenolucius 
(Vari, 1995) which has a different pattern of 
ectopterygoid teeth. The condition of the ec- 
topterygoid teeth in Boulengerella and cy- 
nodontines is most parsimoniously interpret- 
ed as independent acquisitions, with the con- 
dition in the latter taxa hypothesized as syn- 
apomorphic. 


31. Ectopterygoid-metapterygoid contact 

In all cynodontines the posterior portion of 
the ectopterygoid is firmly attached to the an- 
teroventral portion of the metapterygoid. 
Among characiforms such an ectopterygoid- 
metapterygoid contact was observed only in 
Hepsetus. In the examined outgroups the 
posterior portion of the ectopterygoid con- 
tacts only the anterodorsal portion of the 
quadrate, a condition that also occurs in cy- 
nodontines. Hepsetus is more closely related 
to the Erythrinidae and Ctenoluciidae (Vari, 
1995); therefore, this additional contact of 
the posterior portion of the ectopterygoid to 
the anteroventral portion of the metaptery- 
goid is most parsimoniously interpreted as an 
independent acquisition in Hepsetus and the 
Cynodontinae, with the condition in cyno- 
dontines hypothesized as synapomorphic. 


32. Ectopterygoid-mesethmoid contact 

All cynodontines have longitudinally elon- 
gate ectopterygoids extending well beyond 
the anterior portion of the palatine, and con- 
stituting the anteriormost portion of the pal- 
atine arch. Longitudinally elongate ectopter- 
ygoids are not unique to cynodontines, also 
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occurring in ctenoluciids, Hepsetus and 
Acestrorhynchus. 

The type of contact between the ectopter- 
ygoid and the area near the vomer-meseth- 
moid joint is distinct in Cynodon from that 
in Hydrolycus and Rhaphiodon. In Cynodon 
the anterior tip of the ectopterygoid contacts 
the posterior portion of the mesethmoid just 
dorsal to the ventral processes on the latter 
ossification. Although Hydrolycus and Rha- 
Phiodon also have an elongate ectopterygoid, 
this ossification is in close contact with the 
ventral surface of the vomer (see character 
11) and its anteriormost tip does not contact 
the mesethmoid in the same way it does in 
Cynodon. 

Typically in characiforms the ectoptery- 
goid is connected to the area near the vomer- 
mesethmoid articulation by a sheath of con- 
nective tissue; however, these elements are 
not in direct contact, e.g., the Heterochara- 
cini, sensu Géry (1966), Cynopotaminae, 
Menezes (1976), Roestes, Gilbertolus, Char- 
ax, Agoniates, lebiasinids, and gasteropele- 
cids. In all of these taxa the palatine bone 
constitutes the anteriormost portion of the 
palatine arch, with the tip of the ectoptery- 
goid lying posterior to it. 

In Acestrorhynchus species the ventral 
surface of the vomer is anteriorly expanded 
over the ventral surface of the mesethmoid 
and bears two ventral process to which the 
palatine and the ectopterygoid abut. The ec- 
topterygoid contacts the vomer along the 
area of contact between the mesethmoid and 
vomer. Within erythrinids, Hoplias has a 
tooth-bearing ossification connected to the 
anterior end of the ectopterygoid. The ante- 
rior tip of this ossification contacts the ven- 
tral process of the mesethmoid. However the 
identity of this ossification is unclear (Weitz- 
man, 1964: 146; Roberts, 1969: 417). In 
Hepsetus the region occupied by the meseth- 
moid and vomer is a single ossification and 
the ectopterygoid inserts into two grooves in 
the anteroventral surface of this element 
(Roberts, 1969: 406). In all these taxa the 
ectopterygoid is not in direct contact with the 
mesethmoid. Among examined characiforms 
a direct contact between these two elements 
was observed in I/chthyborus quadrilineatus 
and J. besse species more closely related to 
the Citharinidae-Distichodontidae clade 
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(Vari, 1979). The type of attachment of the 
ectopterygoid to the vomer and mesethmoid 
in these Ichthyborus species is unique to 
those taxa and is of a different type than that 
in cynodontines. The condition observed in 
Cynodon is hypothesized as derived for cy- 
nodontines and synapomorphic for the genus. 


33. Branchiostegal rays 

All cynodontines have five branchiostegal 
rays. Among examined characiforms out- 
groups, five branchiostegal rays is also pre- 
sent in erythrinids (Weitzman, 1964: 147), 
the characidiin Characidium fasciatum 
(Buckup, 1992: 1069), and among hemio- 
dontids in some species of Hemiodus and Bi- 
vibranchia (Roberts, 1974: 417, 420). Five 
branchiostegal rays were also noted for 
Crenuchus (Buckup, 1991; Vari, 1995), Piar- 
actus nigripinis (Roberts, 1969: 422), and 
Thoracocharax (Weitzman, 1960). Géry 
(1962: 271) mentions that A goniates ladigesi 
has five branchiostegal rays, of which the an- 
terior two rays are rudimentary. The speci- 
men of Agoniates sp. examined in the present 
study has, however, only four well developed 
branchiostegal rays. 

The presence of four branchiostegal rays 
is the most common condition in characi- 
forms. Five branchiostegal rays are present 
in the groups discussed above. A few groups 
have only three branchiostegal rays (e.g., 
pyrrhulinines, Weitzman, 1964: 150; and 
some anostomids of the genera Pseudanos 
and Anostomus, Winterbottom, 1980: 39). 

A high number of branchiostegals has 
been considered the primitive condition (Mc- 
Allister, 1968: 68, 176). All the taxa men- 
tioned above that possess five branchiostegal 
rays have been hypothesized as being more 
closely related to characiforms with four 
branchiostegal rays (see references above). 
Therefore, at the level of inclusiveness of the 
present study, the presence of five branchio- 
stegal rays is most parsimoniously interpret- 
ed as being derived and having independent 
origins. The presence of five branchiostegal 
rays iS, aS a consequence, proposed as a syn- 
apomorphy for the Cynodontinae. 


34. Branchiostegal rays on posterior cerato- 
hyal 

All cynodontines have two branchiostegal 
rays on the posterior ceratohyal. This con- 
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dition is present only in Acestrorhynchus and 
Ctenolucius (Vari, 1995: 25) among exam- 
ined outgroups. All other characiforms have 
only a single ray on the posterior ceratohyal. 

Ctenolucius is more closely related to 
Boulengerella and other taxa with one bran- 
chiostegal ray on the posterior ceratohyal 
(Vari, 1995) and, therefore, the presence of 
two branchiostegal rays in the posterior cer- 
atohyal is interpreted as derived at the level 
of inclusiveness of the present study, and hy- 
pothesized as being independently acquired 
in Ctenolucius and cynodontines. 

In view of the evidence pointing toward 
phylogenetic relationships between Acestror- 
hynchus and the Cynodontinae, the presence 
of two branchiostegal rays in the posterior 
ceratohyal cannot be unambiguously pro- 
posed as an additional synapomorphy for the 
Cynodontinae at this time. 


JAWS AND DENTITION 


35. Dentary canines 

Cynodontines possess a single row of con- 
ical teeth in the upper and lower jaws. The 
teeth are variable in size with small conical 
teeth alternating with larger canines. One of 
the anterior dentary canines is enlarged rel- 
ative to the remaining teeth and extends into 
the upper jaw when the mouth is closed (see 
character 36). Enlarged dentary canines are 
not restricted to cynodontines among chara- 
ciforms. Relatively pronounced dentary ca- 
nines also occur in Acestrorhynchus, Hydro- 
cynus, Hepsetus, Ichthyborus, the Hetero- 
characini, the Erythrinidae, and the Cyno- 
potaminae. In some of these taxa, the canines 
can get relatively stout, especially in large 
specimens (e.g., Hydrocynus and Hoplias); 
however, they are relatively shorter than in 
cynodontines. In most of these taxa the en- 
larged canines are not restricted to a single 
tooth but there are instead a number of rel- 
atively large canines of similar size along the 
dentary and also in the upper jaw (e.g., Hy- 
drocynus, Hoplias, and Galeocharax). In cy- 
nodontines one of the anterior dentary ca- 
nines is always considerably larger than the 
remaining teeth. A similar canine enlarged to 
the same degree relative to the remaining 
comparable teeth is observed in Roestes, Gil- 
bertolus, and Agoniates. 
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Within cynodontines, a further increase in 
the relative size of the dentary canine occurs 
in AHydrolycus tatauaia, H. scomberoides, 
and H. armatus. In these species the dentary 
canine is much more developed than in Cy- 
nodon, Hydrolycus wallacei, and Rhaphio- 
don, in which only the dorsalmost tip of the 
dentary canine extends dorsally to reach the 
snout opening. However, in Hydrolycus ta- 
tauaia, H. scomberoides, and H. armatus it 
extends far dorsally into the snout opening. 
The highly developed dentary canines of H. 
tatauaia, H. scomberoides, and H. armatus 
represent a unique condition within characi- 
forms synapomorphic for this assemblage. 


36. Foramen in anterior portion of snout for 
dentary canine 

The highly developed dentary canine in 
cynodontines extends dorsally into the upper 
jaw. The anterior portion of the snout has 
been restructured, resulting in an opening 
through which the dentary canine fits when 
the mouth is closed. A large opening in the 
anterior portion of the snout is delimited an- 
teriorly and laterally by the premaxilla, pos- 
teriorly and posteromedially by the ascend- 
ing process of the maxilla, and anteromedi- 
ally by the vomer-mesethmoid (fig. 11). This 
opening lies just ventral to the nasal openings 
in the neurocranium, and the tips of the high- 
ly enlarged dentary canine of Hydrolycus ta- 
tauaia, H. scomberoides, and H. armatus ex- 
tend through the nasal openings when the 
mouth is closed. 

The arrangement of the bones in the an- 
terior part of the snout in characiform out- 
groups with enlarged canines differs from 
that described for cynodontines. In Roestes, 
Gilbertolus, and Agoniates the enlarged den- 
tary canine extends dorsally to fit in a space 
delimited anteriorly and laterally by the pre- 
maxilla and the ascending process of the 
maxilla, and medially by the palatine. The 
most pronounced difference from the condi- 
tion observed in cynodontines is that the as- 
cending process of the maxilla passes pos- 
terior to the dentary canine in cynodontines 
while in Roestes, Gilbertolus, and Agoniates 
this process lies anterior to the dentary ca- 
nine. The ascending process of the maxilla 
in those three taxa rests on the posterior sur- 
face of the premaxilla, the typical condition 
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Upper jaw, ectopterygoid and anterior portion of neurocranium of Hydrolycus scombero- 


ides, AMNH 40087, dry skeleton, ventral view, anterior to top. 


in characiforms (e.g., Brycon, Weitzman, 
1962: 32). In cynodontines the ascending 
process of the maxilla has shifted posteriorly 
and is not in close association with the pre- 
maxilla, leaving an intervening space 
through which the dentary canine passes. 

In Acestrorhynchus (Menezes, 1969) and 
Hepsetus the upper jaw has a different mod- 
ification to receive the canine teeth from the 
dentary. These two genera have relatively 
elongate premaxillae, which usually bear two 
foramina in Acestrorhynchus and one in 
Hepsetus through which the dentary canines 
passes when the mouth is closed. Hydrocy- 
nus has wide spacing of teeth in both jaws 
(Brewster, 1986: 187) with the teeth on the 
upper jaw being intercalated by teeth from 
the lower jaw when the mouth is closed. The 
enlarged teeth on the anterior portion of the 
snout lie outside the mouth when it is closed, 
and they fit into shallow grooves between the 
teeth of the opposing jaw. 

The condition of the foramen for the den- 
tary canine in the anterior portion of the 
snout, with the ascending process of the 
maxilla shifted posteriorly, not contacting the 


premaxilla, and forming the posterior and lat- 
eromedial portion of the foramen, is unique 
for cynodontines among examined characi- 
forms and hypothesized as synapomorphic. 


37. Replacement tooth trenches 

There is considerable variation in the mor- 
phology of the replacement tooth trenches in 
characiforms. Monod (1950) and Roberts 
(1967) described different types of replace- 
ment tooth trenches in the order. According 
to Roberts, cynodontines, Hepsetus, Salmi- 
nus, and the Ctenoluciidae have “‘shallow re- 
placement trenches at the base of the func- 
tional tooth rows, and the replacement teeth 
lie right at the base of the functional teeth 
and are readily observed.’ The majority of 
other characiforms were described as having 
more deeply excavated replacement tooth 
trenches with the replacement teeth lying 
considerably below the bases of the corre- 
sponding functional teeth (Weitzman, 1962: 
33; Roberts, 1967: 233). In cynodontines, all 
teeth in the mandibular replacement trench 
are horizontally aligned, with the tip of the 
replacement teeth projecting posteriorly. In 
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the upper jaw, including the premaxilla and 
maxilla, there is no conspicuous trench, but 
the replacement teeth are also horizontally 
and posteriorly directed. In the majority of 
examined characiform outgroups, including 
Roestes, Gilbertolus, Acestrorhynchus, the 
Heterocharacini, and Charax, the replace- 
ment teeth are placed more deeply in the 
trench and angled vertically to slightly pos- 
terodorsally relative to the functional teeth. 

Horizontally and posteriorly directed teeth 
in the replacement trench also occur in Hep- 
setus (Monod, 1950; Brewster, 1986: 187) 
and Hydrocynus (Roberts, 1967: 233; Brew- 
ster, 1986: 187). The morphology of the re- 
placement tooth trench in the latter genus dif- 
fers from that of Hepsetus and the Cynodon- 
tinae (Brewster, 1986: 170-171). In the 
Ctenoluciidae the replacement teeth are also 
positioned at a 90° angle relative to the func- 
tional teeth, in a horizontal relative to the 
longitudinal axis of the body, and not verti- 
cally or slightly angled as in the majority of 
characiform outgroups. The replacement 
teeth are very small with their tips somewhat 
posteriorly directed. Hepsetus and ctenolu- 
ciids are hypothesized as being more closely 
related to erythrinids and lebiasinids (Vari, 
1995), families with replacement tooth 
trenches more similar to that described for 
the majority of characiforms. The similar 
conditions shared by Hepsetus and cynodon- 
tines are most parsimoniously hypothesized 
as independent acquisitions, with the cyno- 
dontine condition considered synapomorph- 
1c. 


BRANCHIAL ARCHES 


38. Gill-rakers 

All gill-rakers on the leading portion of the 
first ceratobranchial in cynodontines consist 
of small, flat bony plates with very small 
spines covering their entire lateral surface 
(fig. 12A, B). This condition is present only 
in Acestrorhynchus (Menezes, 1969) among 
examined outgroups. 

Within characiforms a variety of different 
forms of gill-rakers occurs along the length 
of the first ceratobranchial, in addition to that 
described above for cynodontines and Aces- 
trorhynchus. In the majority of characiforms 
the first ceratobranchial has conical, elongate 
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gill-rakers with or without teeth. Erythrinids, 
ctenoluciids, and Hepsetus (Roberts, 1969: 
423) and genera assigned to the Cynopotam- 
inae (Menezes, 1976) have elongate gill-rak- 
ers along most of the first ceratobranchial, 
with a few anterior reduced rakers, similar in 
shape to those described for cynodontines 
and Acestrorhynchus. 

Roberts (1969: 423) considered the con- 
dition present in Rhaphiodon and Acestror- 
hynchus as primitive for characiforms based 
on the similarity of the gill-rakers in these 
groups and some primitive actinopterygians 
(e.g., Polypterus, Lepisosteus, and Esox). 
However, given the widespread occurrence 
of elongate gill-rakers along the first cerato- 
branchial in different characiform lineages, 
the first ceratobranchial covered with spiny 
gill-rakers over its entire length in cynodon- 
tines and Acestrorhynchus is most parsimo- 
niously interpreted as being derived at the 
level of inclusiveness of the present analysis. 

In view of the evidence pointing toward 
phylogenetic relationships between Acestror- 
hynchus and the Cynodontinae the presence 
of spiny gill-rakers cannot be unambiguously 
proposed as an additional synapomorphy for 
the Cynodontinae at this time. 


39. Spines on gill-rakers 

The differences in the spines on the free 
dorsal margin of the gill-raker within the Cy- 
nodontinae are noteworthy. Enlarged spines 
on the free dorsal margin of the gill-rakers 
of the first ceratobranchial were observed in 
Cynodon and Hydrolycus wallacei (fig. 
12A). These spines are considerably larger 
than the remaining spines. Usually one of the 
spines is distinctly larger, with its length 
more than half of the vertical length of the 
bony plate of the gill-raker. Enlarged spines 
are more evident on the gill-rakers situated 
toward the posterior end of the first cerato- 
branchial. Hydrolycus tatauaia, H. scomber- 
oides, H. armatus, and Rhaphiodon share a 
different condition (fig. 12B) in which the 
spines are not very developed relative to the 
remaining spines on the surface of the gill- 
raker, being only slightly larger than the lat- 
ter. 

Acestrorhynchus species, the only other 
characiform taxa that have short, flattened 
gill-rakers covering the entire first cerato- 
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Fig. 12. Posterior portion of first gill arch 
with enlarged gill raker of (A) Cynodon septe- 
narius, MZUSP 32585, and (B) Aydrolycus ar- 
matus, MZUSP 32607; lateral view, right side, an- 
terior to right. 


branchial, have considerably enlarged spines 
on the free upper edge of the gill-rakers. In 
all examined species except A. falcirostris 
and A. nasutus there are one or more prom- 
inent spines larger than the others. The latter 
two species lack a single, more prominent 
spine on the dorsal margin of the gill-rakers, 
with all spines on the free upper edge of the 
gill-raker being rather similar in size (Me- 
nezes, 1969: 61,74-75). Nevertheless, the 
spines on the free upper edge of the gill-raker 
in these species are also considerably larger 
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than the ones on the surface of the gill-rak- 
ers. In view of the current hypothesis of re- 
lationships between Acestrorhynchus and cy- 
nodontines, the presence of relatively en- 
larged spines on the dorsal margin of the gill- 
rakers of the latter species could be proposed 
as the primitive condition. Ontogenetic in- 
formation provides additional support for 
this hypothesis. In juveniles of both Cynodon 
(AMNH 32485SW, 35 mm SL), Rhaphiodon 
(USNM 231549 41.7—-50.1 mm SL), and Hy- 
drolycus (MCNG 3204, 25.6—38.6 mm SL) 
the spines on the free upper edge of the gill- 
raker are conspicuously enlarged. In larger 
specimens of Rhaphiodon they become 
smaller relative to the remaining spines on 
the surface. Therefore, the condition ob- 
served in juveniles, provides information 
about the direction of the character transfor- 
mation, with the condition observed later in 
their development, i.e., spines on the free 
edge of the gill-raker not conspicuously en- 
larged relative to those on its surface, con- 
sidered derived. 

This character is most parsimoniously hy- 
pothesized as synapomorphic for the clade 
formed by Hydrolycus tatauaia, H. scomber- 
oides, and H. armatus with an independent 
origin in Rhaphiodon. 


40. First hypobranchial 

The anterior portion of the first hypobran- 
chial in cynodontines is anteroventrally pro- 
longed into a prong-shaped process that ex- 
tends from the ventrolateral margin of the 
main body of the bone (fig. 13). The anterior 
articular cartilaginous surface of the first hy- 
pobranchial is situated on the tip of this pro- 
cess. 

In examined characiform outgroups, the 
first hypobranchial is either a flattened (e.g., 
Erythrinidae, Lebiasinidae, Roestes, Gilber- 
tolus, Gnathocharax, Charax, and Brycon) or 
an elongate ossification (e.g., Acestrorhyn- 
chus, ctenoluciids, and Hepsetus) that varies 
from straight to slightly slanted anteroven- 
trally, but which typically lacks the conspic- 
uous elaboration noted above for cynodon- 
tines. Such unelaborated ossifications were 
also observed among African characiforms 
(e.g., Xenocharax and Distichodus fasciola- 
tus), hypothesized as primitive members of 
the order (Fink and Fink, 1981). Unelabo- 
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Fig. 13. Basihyal, first hypobranchial, first 
and second basibranchials, and anterior portion of 
first ceratobranchial of Cynodon gibbus, MZUSP 
32587; lateral view, right side, anterior to right. 


rated hypobranchials have been hypothesized 
as plesiomorphic (Vari, 1983: 11). Certain 
anostomids (Laemolyta taeniata, Anostomus 
anostomus), prochilondontids (Prochilodus), 
and Serrasalmus have some kind of anterior 
elaboration on the first hypobranchials. How- 
ever, none of these groups shows the degree 
of elaboration presented by cynodontines. In 
all these groups, the anterior process of the 
first hypobranchial is much shorter and less 
curved than in cynodontines. In Serrasalmus, 
in addition, the process is dorsoventrally flat- 
tened with no associated articular surface. 

The condition observed in cynodontines is 
unique within characiforms and hypothesized 
as synapomorphic. 


41. First ceratobranchial 

The first ceratobranchial in cynodontines 
has its anterior portion curved dorsally, 
forming a distinct angle relative to the lon- 
gitudinal axis of the remaining portion of that 
ossification. In Hydrolycus and Rhaphiodon, 
the angle and the extension of this projection 
is only slightly pronounced, but it is clearly 
distinct from the condition observed in char- 
aciform outgroups in which the first cerato- 
brachial is straight over its entire length. A 
condition similar to that observed in Hydro- 
lycus and Rhaphiodon was observed only in 
the cynopotamine genus Galeocharax. 

The dorsally directed projection of the first 
ceratobranchial is particularly well devel- 
oped in Cynodon (fig. 13), in which genus 
the projection is about twice as long as in 
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HAydrolycus and Rhaphiodon and the angle of 
the projection relative to the remaining por- 
tion of that ossification is much more pro- 
nounced. A straight, elongate first cerato- 
branchial with no anterior projection is con- 
sidered a primitive condition for characi- 
forms (Vari, 1983: 11). Galeocharax is 
hypothesized to be more closely related to 
taxa with straight first ceratobranchials (e.g., 
Acestrocephalus, and Charax; Menezes, 
1976, Lucena, 1993) and, therefore, the dor- 
sally directed first ceratobranchial in Galeo- 
charax is most parsimoniously hypothesized 
as an independent acquisition from that in 
cynodontines. 

The dorsally directed first ceratobranchial 
of cynodontines forming an angle relative to 
the longitudinal axis of the remaining portion 
of that ossification is considered a synapo- 
morphy for cynodontines with its further en- 
largement in Cynodon considered a synapo- 
morphy for the genus. 


ANTERIOR VERTEBRAE 


42. First vertebra 

Cynodon species possess two processes on 
the ventral portion of the first centrum that 
lie just dorsal to the ventral processes of the 
basioccipital (see character 25), and are di- 
rected posteriorly and slightly laterally. 
These processes were observed in all exam- 
ined cleared and stained specimens and dry 
skeletons of Cynodon species, including a ju- 
venile (AMNH 32485, 35.0 mm SL) in 
which two small bony projections are present 
on the ventral surface of the first centrum. 

In one specimen of Hydrolycus wallacei 
(MZUSP 32638, 152.2 mm SL; this feature 
could not be examined in the other available 
specimen) two small bumps of bone are pre- 
sent in the same region of the ventral pro- 
cesses as in Cynodon but are much less de- 
veloped. Weakly developed processes were 
also observed in larger specimens of Hydro- 
lycus armatus (AMNH 91342, 450 mm SL), 
but were lacking in one specimen of Hydro- 
lycus sp. (AMNH 40048, 117.7 mm HL). 
Ventral processes on the first centrum are 
lacking in the examined specimens of H. ta- 
tauaia, H. scomberoides, and Rhaphiodon 
vulpinus. 

Ventral processes on the first centrum are 
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lacking in all examined characiform out- 
groups and their presence in cynodontines is 
considered a derived feature. In the present 
study only well-developed processes on the 
ventral surface of the first centrum in Cyno- 
don species will be considered due to the 
lack of more specimens of Hydrolycus wal- 
lacei and Hydrolycus tatauaia for examina- 
tion. Additional specimens could show that 
the presence of bony projections on the ven- 
tral portion of the first centrum is more wide- 
spread among cynodontines. However, the 
relatively more highly developed condition 
of these processes which is unique to Cyno- 
don, can be considered a synapomorphy for 
this genus. 


43. Neural complex of Weberian apparatus 

In all cynodontine species the neural com- 
plex of the Weberian apparatus does not di- 
rectly contact the posterior surface of the 
neurocranium. In the primitive condition 
among characiphysans (Fink and Fink, 1981: 
324) the neural complex is tilted anteriorly 
and articulates with the posterior margin of 
the neurocranium. Among cynodontines the 
neural complex has a more vertical orienta- 
tion relative to the longitudinal axis of the 
body, resulting in a gap between its anterior 
margin and the posterior margin of the neu- 
rocranium. At the anterior edge of the neural 
complex there is a short process onto which 
attach ligaments arising from the posterior 
edges of the supraoccipital crest and exoc- 
cipital. 

The lack of contact of the neural complex 
with the posterior portion of the neurocrani- 
um in cynodontines is unique among exam- 
ined outgroups, and is considered a synapo- 
morphy for the group. 


In all cynodontines the transverse process- 
es of the second and third vertebrae contact 
each other in an interdigitating pattern that 
forms an immovable articulation, a condition 
unique within examined characiforms. Such 
an interdigitating articulation is primarily the 
consequence of two modifications of the 
transverse processes of the second and third 
vertebrae described below (characters 44 and 
46). 


44. *“‘Transverse process” of second vertebra 
The second vertebra of cynodontines bears 
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a lateral process designated as the “‘trans- 
verse process’’ by Nelson (1949). This pro- 
cess 1s highly developed and slightly postero- 
dorsal oriented. It is bifurcated distally into 
two short processes that clasp the transverse 
process of the third neural arch (figs. 14-16). 

The presence of a “‘transverse process” on 
the second centrum is not unique to cyno- 
dontines among examined characiforms. 
Such a process also occurs in erythrinids, 
ctenoluciids, Hepsetus, Heterocharacini, 
Gnathocharax, Roestes, Gilbertolus, and in 
some Acestrorhynchus species. However, in 
all of these taxa the process is only slightly 
developed and is represented only by a small 
prominence of bone situated ventral to the 
intercalarium and the transverse process of 
the third neural arch. There are ligamentous 
attachments between the latter process and 
the “‘transverse process” of the second ver- 
tebra. In erythrinids the process is enlarged 
relative to that in the remaining examined 
outgroups and although it contacts the trans- 
verse process of third neural arch, it does not 
bifurcate distally as it does in cynodontines. 

The modification of the “transverse pro- 
cess”’ of the second vertebra in cynodontines 
is a unique condition among examined char- 
aciforms and hypothesized as a synapomor- 
phy for that clade. 


45. Lateral process of second vertebra 

The lateral process of the second vertebra 
is highly modified in cynodontines. In the 
usual characiform condition the process is an 
elongate element extending laterally and 
somewhat anteriorly with no modifications of 
its distal portions (see Weitzman, 1962: 36 
for Brycon meeki). 

Within cynodontines a number of differ- 
ences from the generalized characiform con- 
dition are observed. Cynodon and Hydroly- 
cus species (figs. 14 and 15, respectively) 
(except Hydrolycus scomberoides, see fur- 
ther comments on the condition of this spe- 
cies below) have the lateral process short- 
ened laterally and greatly expanded dorso- 
ventrally. It extends slightly anteriorly prox- 
imally and then turns posteriorly distally. 
Ventrally, at its tip, there is a broad surface 
for the attachment of ligamentous tissue con- 
necting with the pectoral girdle. The postero- 
lateral margin of the process ends in two 
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Fig. 14. Weberian apparatus of Cynodon gibbus, MZUSP 32587; left side, lateral view, anterior to 


left. 


short processes. Ligamentous tissue attaches 
to the posterior margin between the two pro- 
cesses and extends to the lateral process of 
the fourth vertebra. The anteromedial portion 
of the lateral process of the second vertebra 
is in contact with the posterior margin of the 
basioccipital. 

Aydrolycus scomberoides has a slightly 
different condition from that described 
above. In this species the lateral process of 
the second vertebra is dorsoventrally flat- 
tened and posteriorly directed. The distal tip 
of the process has a broad surface for the 
attachment of ligamentous tissue connecting 
with the pectoral girdle as described for Cy- 
nodon and the remaining Hydrolycus species. 
However, instead of being directed ventrally, 
this broad surface in H. scomberoides is di- 
rected laterally. Anteriorly the lateral process 
contacts the posterior margin of the basioc- 
cipital. The posterolateral margin is a simple 
structure without processes that serves as an 
area of attachment for the ligamentous tissue 
from the process of the fourth vertebra. 


The lateral process of the second vertebra 
is highly modified in Rhaphiodon vulpinus 
(fig. 16) relative to both the primitive char- 
aciform condition and the condition in the 
remaining cynodontines. The condition in R. 
vulpinus has been previously briefly de- 
scribed by Weitzman (1962: 36) and was il- 
lustrated by Nelson (1949: 517). In a dorsal 
view there is a triangular-shaped flat sheet of 
bone extending laterally and posteriorly un- 
der the tripus. Ventrally a short process ex- 
tends anteriorly, and overlapping the ventral 
portion of the first centrum. A longer process 
extends posteriorly and slightly laterally un- 
der the ventral portion of the centrum of the 
third vertebra. 

The highly modified lateral process of the 
second vertebra in cynodontines is a unique 
condition among characiforms and is inter- 
preted as synapomorphic for the subfamily 
with the conditions in H. scomberoides and 
Rhaphiodon vulpinus constituting autapo- 
morphies for these species. 
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46. Lateral process of third vertebra 

All cynodontine species except Hydroly- 
cus wallacei possess a lateral process on the 
third vertebra in addition to the typical char- 
aciform transverse process of the third neural 
arch. This additional process abuts the lateral 
portion of the “‘transverse process’’ of the 
second vertebra that extends posteriorly to 
contact the third vertebra. In Rhaphiodon, 
Hydrolycus tatauaia, and H. armatus, the 
process is relatively well developed, origi- 
nating just ventral to the lateral portion of the 
‘“‘transverse process’’ of the second vertebra, 
and is more evident in larger specimens. A 
slightly different condition occurs in Cyno- 
don and Hydrolycus scomberoides. In these 
species the process is relatively shorter than 
in Rhaphiodon, Hydrolycus tatauaia, and H. 
armatus and apparently originates posteriorly 
to the portion of the “transverse process”’ of 
the second vertebra that contacts the trans- 
verse process of the third neural arch (fig. 
14), rather than ventral to that process as in 
Rhaphiodon, Hydrolycus tatauaia, and H. ar- 
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Weberian apparatus of Hydrolycus armatus, MZUSP 32607; left side, lateral view, anterior 


matus (figs. 15 and 16). This process is lack- 
ing as a separate element in the two exam- 
ined cleared and stained specimens of Hy- 
drolycus wallacei. Among examined chara- 
ciform outgroups only Ctenolucius has a 
process similar to that described for Rha- 
Phiodon, Hydrolycus tatauaia, and H. ar- 
matus. 

The explanations for the distribution of 
this character are equivocal under any type 
of optimization used. It is my opinion that 
this ambiguity is partly a consequence of the 
poor understanding of the anatomy of this 
process. A better understanding of this fea- 
ture would come from a more detailed ex- 
amination of this element by means of finer 
dissections at the region of the third vertebra, 
examination of different ontogenetic stages 
of this features in specimens having the two 
different conditions described above, and ex- 
amination of additional specimens of Hydro- 
lycus wallacei to confirm the absence of the 
process in this species. It was not possible to 
carry out a more detailed study of this char- 
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acter at this time. Therefore, the additional 
lateral process on the third vertebra will not 
be hypothesized as a derived feature at any 
level for the present analysis. 


The contact between the “‘transverse pro- 
cess” of the second vertebra with the pro- 
cesses of the third vertebra described under 
characters 44 and 46 forms the interdigitating 
articulation mentioned above. In large spec- 
imens of Hydrolycus armatus (e.g., AMNH 
40048, 117.7 mm HL) an additional process 
originates at the posteroventral portion of the 
second vertebra and extends posteriorly to 
abut the lateral process of the third vertebra, 
contributing an additional element to this 
pattern of the articulation. 

The transverse process of the third neural 
arch is shorter in cynodontines than in ex- 
amined characiform outgroups. Some varia- 
tion in the shape is observed within the 
group, with Hydrolycus species (especially 
H. armatus and H. wallacei) having a slight- 
ly more elongate process. Variation in this 
feature among cynodontines will not be tak- 
en into further consideration at this time be- 


cause of the difficulty of unambiguously es- 
tablishing discrete units to account for this 
variation. 


47. Tripus 

The tripus of Rhaphiodon vulpinus is an- 
teroposteriorly elongate (fig. 16). The blade 
portion of the tripus is particularly elongate 
anteriorly, with its tip almost reaching the 
posterior of the neurocranium. The tripus in 
the remaining cynodontine species is similar 
to that of characiform outgroups in which the 
blade portion of the tripus does not (or only 
slightly) extend anteriorly of the main body 
of the tripus. An anteroposteriorly elongate 
tripus was described for ctenoluciids by 
(Vari, 1995: 27), in which, the elongation is 
accomplished by a continuity between the 
anterior portion of the ossification and the 
posterior section that terminates in the trans- 
formator process. The anterior bladelike por- 
tion of the tripus is not elongate in ctenolu- 
ciids as it is in Rhaphiodon vulpinus. In the 
latter species the posterior section that ter- 
minates in the transformator process is not 
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continuous with the anterior portion of the 
tripus (see character 48 below). 

The anteriorly elongate blade portion of 
the tripus in Rhaphiodon vulpinus is unique 
among examined characiforms and hypothe- 
sized as autapomorphic for the species. 


48. Transformator process of tripus 

The posterior section of the tripus that ter- 
minates in the transformator process is dis- 
tinct in Rhaphiodon vulpinus from that in 
other cynodontines and among characiform 
outgroups. In the typical characiform condi- 
tion the transformator process of the tripus is 
a thin curved process continuous with the 
posterior portion of the tripus with no mod- 
ifications medially (Fink and Fink, 1981: 
331). In Rhaphiodon vulpinus the posterior 
portion of the tripus is almost horizontally 
aligned. In the region medial to the lateral 
portion of the fused fourth pleural rib plus 
parapophysis the tripus becomes much thin- 
ner and is medially directed at an approxi- 
mately 90° angle with the anterior portion of 
that ossification. The transformator process 
of the tripus in Rhaphiodon vulpinus ends in 
an enlarged rectangular bony plate (figured 
by Nelson, 1949: fig. SE labeled as “‘T’’). 
The structure of the transformator process in 
Rhaphiodon vulpinus is unique among ex- 
amined characiforms and considered auta- 
pomorphic for the species. 


49. Fourth pleural rib + parapophysis 

The fused fourth pleural rib + parapoph- 
ysis in Cynodon and Rhaphiodon differs no- 
tably from that of Hydrolycus. In the latter 
genus the fused pleural rib and parapophysis 
extends laterally in a flat, thin dorsoventrally 
oriented process (fig. 15). This condition is 
similar to the condition observed in chara- 
ciform outgroups and is described and fig- 
ured by Weitzman (1962: 36, 68). 

In Cynodon and Rhaphiodon the process 
is greatly enlarged, extending anteriorly and 
ventrally, and covering the posterolateral 
portion of the tripus (figs. 14 and 16). The 
distal end of the process is greatly enlarged, 
forming a broad articular surface for the at- 
tachment of ligamentous tissue. Such a pro- 
cess was previously described for Rhaphio- 
don vulpinus by Nelson (1949: 500), who 
termed the enlarged distal portion of the pro- 
cess a basal plate. This basal plate contacts 
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the medial portion of the pectoral girdle in 
the region where the cleithrum articulates 
with the supracleithrum. A lateral process of 
the fourth vertebra as described for Cynodon 
and Rhaphiodon is a unique condition within 
examined characiforms and hypothesized as 
derived. 

A heavy mass of connective and ligamen- 
tous tissue stretches from the distal portions 
of the processes of the second and fourth ver- 
tebrae, and extends to the pectoral girdle in 
the region of the articulation of the cleithrum 
and supracleithrum. An understanding of 
connections between the elements of the We- 
berian apparatus and the pectoral girdle in 
cynodontines necessitates a much more de- 
tailed study of these connections in order to 
isolate the different ligaments and their ori- 
gins and insertions, a task not feasible at this 
time. 

Lesiuk and Lindsey (1978) in their study 
on head bending in Rhaphiodon vulpinus 
mentioned that the attachment of the Weber- 
ian apparatus to the dorsal tip of the cleith- 
rum constrains the movement of the latter el- 
ement. The cleithrum is not rigidly attached 
to the bones of the Weberian apparatus, al- 
lowing a rotation of the girdle with respect 
to the skull through an arc of approximately 
10°. 

The highly modified fused fourth pleural 
rib and parapohysis of Cynodon and Rha- 
Phiodon is unique among characiforms and 
is hypothesized as synapomorphic for these 
two genera. 


50. Dorsal articulation between fourth and 
fifth vertebrae 

All cynodontines have an articulation be- 
tween the fourth and fifth vertebra that is 
unique among examined characiforms. The 
posteroventral portion of the fourth vertebra 
in cynodontines has a process extending pos- 
terolaterally, with ligamentous attachments 
originating from both its dorsal and ventral 
surfaces. Ligaments from the dorsal surface 
of the process of the fourth vertebra attach 
to a process extending anteriorly and later- 
ally from the dorsal portion of the fifth cen- 
trum (figs. 14-16). Ligaments from the ven- 
tral surface of the process of the fourth ver- 
tebra attach to the anteroventral portion of 
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the fifth vertebra, which also bears another 
process (see character 51 below). 

Although modifications of the fourth and 
fifth vertebrae to form an articulation is 
found in some examined outgroups, the con- 
dition differs from that in cynodontines. For 
instance, Agoniates, Triportheus, and Brycon 
have an expansion of the posteroventral por- 
tion of fourth centra extending to the anter- 
oventral portion of the fifth vertebra. The 
contact with the fifth vertebra is only from 
the dorsal surface of the process of the fourth 
vertebra. The process in these taxa is only a 
thin lamella of bone that extends posteriorly 
from the vertebra, a condition different from 
that in cynodontines in which the process is 
enlarged and has a lateral extension. There is 
no modification of the fifth vertebra. Caen- 
otropus has a process originating at the pos- 
terior portion of the fourth vertebra that con- 
tacts a groove on the anterior portion of the 
fifth vertebra. Serrasalmus has a process sim- 
ilar to that of cynodontines (enlarged with an 
dorsal articular surface) but originating at the 
posterior region of the fourth centrum, in a 
more dorsal position than that in cynodonti- 
nes. This process contacts a process origi- 
nating from the neural arch of the fifth ver- 
tebra. 

The articulation between the fourth and 
fifth vertebra in cynodontines is apparently 
related to the ability of these fishes to rotate 
the head upward, as described by Lesiuk and 
Lindsey (1978) in Rhaphiodon vulpinus. 
These authors observed that upward rotation 
of the head in this species occurs at the ar- 
ticulation between the fourth and fifth ver- 
tebrae (indicated by arrows in their figures 
1C, 1D and 1E). Upward rotation of the head 
is yet to be studied in the remaining cyno- 
dontine species. Although the articulation be- 
tween the fourth and fifth vertebra in Rha- 
Phiodon vulpinus is more developed than that 
of the remaining cynodontine species (see 
character 51 below), the presence of such an 
articulation in the remaining species may im- 
ply that they may demonstrate at least some 
degree of head rotation relative to the ver- 
tebral column. 

The type of articulation between the fourth 
and fifth vertebra in cynodontines is unique 
among characiforms and hypothesized as 
synapomorphic. 


TOLEDO-PIZA: CYNODONTINAE 43 


51. Ventral articulation between fourth and 
fifth vertebrae 

In addition to the process at the dorsal por- 
tion of the fifth centrum mentioned above, 
cynodontines possess another process situat- 
ed at the anteroventral portion of the fifth 
vertebra which is, in turn, laterally expanded, 
extending ventral to the lateral process of the 
fourth centrum that forms the articulation be- 
tween the fourth and fifth vertebrae (figs. 14— 
16). The ligamentous tissue from the ventral 
surface of the process of the fourth vertebra 
attaches to this lateral process of the ventral 
portion of the fifth vertebra. The latter pro- 
cess is more evident in larger specimens, in 
which it is more pronounced laterally and ex- 
tends more ventrally to contact the process 
of the fourth vertebra. In Hydrolycus scom- 
beroides the process seems to be less pro- 
nounced than in the remaining cynodontines, 
hardly apparent in a 143.4 mm SL specimen 
(MZUSP 32093), and small in a 241.0 mm 
SL specimen (AMNH 40087). In specimens 
of the other cynodontine species within the 
size range of those of H. scomberoides, the 
process of the fifth vertebra is more devel- 
oped. It is possible to see that there is a slight 
lateral expansion on the fifth vertebra relative 
to the same portion of the sixth vertebra 
which lacks such a process. Therefore, this 
feature is regarded as present in H. scomber- 
oides. 

In Rhaphiodon vulpinus the ventral pro- 
cess of the fifth vertebra is further enlarged 
relative to that of other cynodontines, being 
as well-developed as the other process of the 
fifth vertebra that articulates dorsally with the 
process of the fourth vertebra. The process is 
more conspicuous when observed either 
from a ventral and/or lateral view (fig. 16). 
It is already evident in a 50.1 mm SL spec- 
imen (USNM 231549), and very conspicu- 
ous in a 96.8 mm SL specimen (BMNH 
1935.6.4: 33-39). 

The presence of the ventral process of the 
fifth vertebra is unique to cynodontines 
among characiforms and hypothesized as a 
synapomorphy for this taxa, with its further 
enlargement in Rhaphiodon vulpinus hypoth- 
esized as autapomorphic for this species. 


52. Pleural ribs 
The fifth and to a certain extent the sixth 
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and seventh pleural ribs of Rhaphiodon vul- 
pinus are modified relative to that of remain- 
ing cynodontines and examined characiform 
outgroups. The fifth pleural rib in that spe- 
cies is very short relative to the more pos- 
terior ribs and has a flattened proximal por- 
tion and a very slender distal portion. A pro- 
cess arises from the medial portion of the rib 
and extends medially in the region ventral to 
the fifth centrum. Another process arises at 
the dorsal tip of the rib and extends posteri- 
orly to the sixth vertebra (fig. 16). These fea- 
tures of the fifth rib are present also in the 
sixth and seventh ribs, although they are not 
as conspicuous and show some variation in 
different specimens. The more posterior ribs 
are similar to those of other cynodontines 
and characiform outgroups. 

The fifth rib in the remaining cynodontine 
species is slightly shorter than the more pos- 
terior ribs. It is slender along its entire length 
and possesses a very short medially directed 
process dorsally, which is less developed than 
that in Rhaphiodon. The posterodorsal process 
present in Rhaphiodon is absent from the re- 
maining cynodontines. A process on the me- 
dial portion of the fifth rib (similar to those 
of Cynodon and Hydrolycus) also occurs in 
some characiform outgroups (e.g., Gilberto- 
lus, Roestes, Acestrorhynchus, Agoniates, 
Gnathocharax, and the Heterocharacini), and 
was described and figured by Roberts (1969: 
426, figs. 46, 47); see also Buckup (1991: 
226), and Lucena (1993: 56) for distribution 
of this feature in characiforms. In these taxa, 
however, the rib is not conspicuously flat in 
its proximal half as in Rhaphiodon and is ap- 
proximately the same length as the more pos- 
terior ribs. 

The structure of the fifth rib of Rhaphiodon 
vulpinus is unique among examined characi- 
forms and regarded as autapomorphic for this 
species. 


53. Parapophyses 

The parapophyses of all precaudal verte- 
brae posterior to the fifth vertebra in cyno- 
dontines are longitudinally elongate, with the 
parapophysis of one vertebra extending an- 
teriorly and articulating with the vertebra an- 
terior to it. The first enlarged parapophysis is 
that of the sixth vertebra (figs. 14, 15), grad- 
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ually becoming less pronounced in vertebrae 
posterior to it. 

The parapophyses of the vertebrae of other 
examined characiforms are also somewhat 
elongate, having a process extending from 
the portion of the parapophysis that articu- 
lates with the vertebral centrum. The condi- 
tion observed in cynodontines seems to be 
the result of an enlargement of that process 
of the parapophysis associated with articu- 
lation at a more ventral portion of the cen- 
trum. In outgroups the lateral fossae with 
which the parapophyses of the anterior pre- 
caudal vertebrae articulate have a more cen- 
tral position on the centrum. The process ex- 
tending from each parapophysis is oriented 
slightly anteroventrally, reaching the anter- 
oventral portion of the vertebra but not ex- 
tending beyond it to reach the anterior ver- 
tebra. The fossae of the posterior precaudal 
vertebrae gradually shift to a more ventral 
position on the lateral portion of the centrum 
with the process of the parapophysis also de- 
creasing in size. In cynodontines the lateral 
fossae with which the parapophyses of the 
anterior precaudal vertebrae articulates are in 
a more ventral position on the centrum than 
that in examined outgroups and the process 
of the parapophysis is oriented anteriorly and 
not ventrally. 

In addition to cynodontines an articulation 
between the parapophysis of one vertebra to 
the vertebra anterior to it was observed only 
in Hydrocynus among examined characiform 
outgroups. Hydrocynus is hypothesized as 
being the sister group to certain Alestes 
(Brewster, 1986: 192), a genus lacking an ar- 
ticulation between the parapophysis of one 
vertebra and the vertebra anterior to it as de- 
scribed for cynodontines and Aydrocynus. 
As a consequence, this feature is hypothe- 
sized as an independent acquisition in Hy- 
drocynus and the Cynodontinae and consid- 
ered synapomorphic for the latter taxa. 


54. Baudelot’s ligament 

In all cynodontine species (except Rha- 
Phiodon vulpinus) Baudelot’s ligament is 
strong and attaches to the ventral portion of 
the enlarged lateral processes of the second 
vertebra (fig. 15). This constitutes a third 
point of attachment of this ligament in ad- 
dition to the typical characiform attachment 
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anteriorly to the basioccipital and the poste- 
riorly to the pectoral girdle. Rhaphiodon has 
a somewhat different condition from the re- 
maining cynodontines. In Rhaphiodon Bau- 
delot’s ligament is not as well developed and 
although it contacts the lateral process of the 
second vertebra ventromedially, it is not at- 
tached to that process as it is in the remaining 
cynodontines. The condition in Rhaphiodon 
largely resembles that of characiform out- 
groups. 

Two alternative, equally parsimonious, hy- 
potheses are possible for this character. The 
attachment of Baudelot’s ligament with the 
lateral process of the second vertebra may be 
hypothesized as synapomorphic for the Cy- 
nodontinae, with a secondary loss of the at- 
tachment in Rhaphiodon vulpinus, or as in- 
dependently acquired in Cynodon and HAy- 
drolycus. 


PECTORAL GIRDLE 


55. Postcleithrum 2 

A lack of postcleithrum 2 is common to 
all cynodontines. Among characiforms a lack 
of this ossification also occurs in Gilbertolus, 
Gnathocharax (Lucena, 1993), Ctenolucius, 
Boulengerella lateristriga, B. maculata 
(Vari, 1995: 26), Hepsetus (Roberts, 1969: 
426; Vari, 1995: 27), and the Gasteropeleci- 
dae (Weitzman, 1954: 226). 

Three postcleithra along the posterior mar- 
gin of the pectoral girdle are plesiomorphic 
for characiforms (Roberts, 1969: 426; Vari, 
1983: 35; 1995: 26), and the lack of po- 
stcleithrum 2 is considered a derived char- 
acter. The reduction in the number of post- 
cleithra occurs also within other ostariophy- 
san lineages including some gonorhynchi- 
forms, cypriniforms, and siluriforms and it 
was interpreted (see Fink and Fink, 1981: 
334) as specializations that evolved indepen- 
dently in these lineages. 

In view of the current evidence for a close 
relationship between the Cynodontinae and 
Gilbertolus plus Roestes, the lack of post- 
cleithrum 2 might represent a derived con- 
dition for these taxa (with a reversal in Roes- 
tes). The lack of this element could also be 
alternatively considered an independent loss 
in Gilbertolus and the Cynodontinae. 


TOLEDO-PIZA: CYNODONTINAE 45 


56. Postcleithrum 3 

Cynodontines also lack postcleithrum 3, a 
feature that is shared with various other char- 
aciforms: Gilbertolus, Roestes, Gnathochar- 
ax, ctenoluciids (Vari, 1995: 26), Iguanodec- 
tes (Lucena, 1993: 115), Hepsetus (Roberts, 
1969: 426), gasteropelecids (Weitzman, 
1954: 226), and Chilodus (Vari et al., 1995: 
9). 

This feature was hypothesized as a syna- 
pomorphy for the clade formed by cynodon- 
tines, Gilbertolus, and Roestes by Lucena 
and Menezes (1998). 


57. Coracoid 

The posterodorsal portion of the coracoid 
in all cynodontine species is perforated by a 
very large foramen (figs. 17, 18) situated just 
ventral to the insertion of the radials of the 
pectoral fin and the articulation with the me- 
socoracoid. The presence of a posterodorsal 
foramen in the coracoid was previously not- 
ed by Starks (1930: 169) and Nelson (1949: 
507) for Rhaphiodon vulpinus. A condition 
similar to cynodontines was observed only in 
Gilbertolus among examined outgroups. 

In some characiform outgroups (e.g., 
Roestes, Acestrorhynchus, Heterocharax, 
Agoniates, Boulengerella, Hydrocynus, Hem- 
iodus, Brycon, Oligosarcus, and Triportheus) 
a foramen of various sizes is present at the 
region ventral to the articulation with the me- 
socoracoid and sometimes extending poste- 
riorly ventral to the insertion of the radials 
of the pectoral fin. Although present in the 
characiforms mentioned above, in none of 
these groups is the posterodorsal foramen of 
the coracoid as enlarged as in the Cynodon- 
tinae and Gilbertolus. Therefore, the condi- 
tion in these taxa is hypothesized as derived. 
In Roestes the posterodorsal foramen of the 
coracoid is intermediate in size between that 
of Gilbertolus and cynodontines, and that of 
the remaining characiforms in which it is 
present. However, there is also variation in 
the size of the foramen in the remaining 
characiform outgroups, rendering the defini- 
tion of discrete states to account for this var- 
iation problematic. 

Lucena and Menezes (1998) also noted the 
presence of the enlarged coracoid foramen in 
cynodontines and Gilbertolus; however, their 
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Fig. 17. Left pectoral girdle of Hydrolycus ar- 
matus, MZUSP 32607; medial view, anterior to 
right. 


interpretation of this character was ambigu- 
ous because of its absence in Roestes. 


58. Size of coracoid 

Cynodontines possess relatively enlarged 
coracoids, a feature shared with a number of 
other characiforms such as the Gasteropele- 
cidae, Triportheus, Agoniates, and Gnatho- 
charax. In addition, Weitzman (1954: 230) 
and Roberts (1969: 426) mentioned the pres- 
ence of enlarged coracoids, in Pseudocory- 
nopoma and Clupeacharax, respectively. The 
shape of the expanded coracoids differs in all 
the examined characiforms outgroups that 
possess them. They are more developed in 
the Gasteropelecidae and Triportheus than in 
the Cynodontinae. In the Gasteropelecidae 
they are fan-shaped with a rounded ventral 
profile (Weitzman, 1954); whereas in Tripor- 
theus and Gnathocharax the expansion oc- 
curs mainly in the posterior portion of the 
ossification. In cynodontines the enlargement 
of the coracoid occurs at the vertical plane 
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of the longitudinal axis of the body, with the 
ventral profile of the coracoid being straight 
fig. 17) as in characiform outgroups in 
which this ossification is not enlarged. Agon- 
iates has an expanded coracoid similar in 
shape to that of cynodontines. 

All the taxa mentioned above differ sig- 
nificantly in the rest of their osteology and it 
seems that expanded coracoids originated in- 
dependently in all of them, as hypothesized 
by Weitzman (1954: 228-231). More recently 
Castro and Vari (1990) provided a detailed 
discussion about the presence of enlarged 
coracoids in characiforms and the appropri- 
ateness of using that feature to propose re- 
lationships. These authors also proposed an 
independent origin of expanded coracoids in 
most of these groups, based on the evidence 
indicating closer relationships of these taxa 
to species or species groups without expand- 
ed coracoids. Taxa proposed as closely relat- 
ed to the Cynodontinae (Roestes, Gilbertolus, 
Acestrorhynchus) do not have expanded cor- 
acoids. The presence of this feature in cy- 
nodontines is hypothesized as synapomorph- 
ic for the group. 


59. Fusion of coracoids 

In all cynodontines the coracoids are 
closely applied to each other along their en- 
tire midline. In Cynodon species and Rha- 
Phiodon vulpinus the contralateral coracoids 
are fused even more along a large portion of 
the area of contact, with the region of the 
fusion between the two ossifications densely 
corrugated. All attempts to separate the left 
and right elements resulted in breaking of 
one coracoid in the region of the corrugated 
area. Fusion of the contralateral coracoids 
and the corrugated pattern is present in ju- 
veniles of Rhaphiodon vulpinus (USNM 
231549, 50 mm SL), but not evident in a 35 
mm SL specimen of Cynodon (AMNH 
32485). In Rhaphiodon vulpinus a triangular- 
shaped area in the anterior portion of the 
conjoined coracoid is formed only by one 
coracoid. This region is located ventral to the 
dorsal margin of the ossification that forms 
the ventral edge of the large foramen formed 
by the cleithrum and coracoid. This feature 
occurs in all examined osteological prepara- 
tions of Rhaphiodon vulpinus and was pre- 
viously noted by Nelson, 1949: 507. 
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Although all Hydrolycus species have the 
two portions of the coracoids in very close 
contact and very difficult to separate, they 
are not fused to one another, at least not to 
the degree observed in Cynodon and Rha- 
Phiodon. It was possible to separate com- 
pletely the opposite coracoids in all speci- 
mens in which this was attempted. In some 
very large specimens of Hydrolycus a small 
area in the anteriormost portion of the cora- 
coids seemed fused, and one of the sides was 
damaged in the area of the fusion when the 
bones were separated. In other large speci- 
mens, however, the two coracoids were com- 
pletely separate and intact. A slight corru- 
gated pattern was observed in one specimen 
of H. scomberoides, but the contralateral cor- 
acoids were not fused. 

Within characiforms, fused and corrugated 
coracoids have been reported only in the 
Gasteropelecidae (Weitzman, 1954), a taxon 
not closely related to the Cynodontinae, as 
discussed above. 

The condition of partially fused and cor- 
rugated coracoids described for Rhaphiodon 
and Cynodon is hypothesized as a synapo- 
morphy for these genera. 


60. Mesocoracoid 

The mesocoracoid in cynodontines is 
greatly enlarged relative to the condition in 
the majority of examined outgroups. The 
typical condition of the mesocoracoid in 
characiforms is that of a short ossification at- 
tached to the cleithrum, scapula, and cora- 
coid (e.g., Brycon, Weitzman, 1962: 41, 76). 
Within cynodontines the mesocoracoid oc- 
cupies a larger portion in the medial portion 
of the pectoral girdle and has broader artic- 
ular surfaces with the surrounding bones (fig. 
17). It is attached to the cleithrum along a 
vertical crest at the medial portion of this lat- 
ter ossification, with the dorsal tip of the me- 
socoracoid extending dorsally to at least half 
the length of the vertical portion of the 
cleithrum. In the typical characiform condi- 
tion the dorsal tip of the mesocoracoid does 
not extend to the midpoint of the vertical 
portion of the cleithrum. The articulation of 
the mesocoracoid with the coracoid in cy- 
nodontines extends more posteriorly on this 
latter ossification compared to the typical 
characiform condition, extending along the 
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posterodorsal surface of the coracoid just 
dorsal to the insertion of the pectoral-fin ra- 
dials. An enlarged mesocoracoid similar to 
that of cynodontines occurs only in Gilber- 
tolus among examined outgroups. In Agoni- 
ates and Gnathocharax the articulation of the 
mesocoracoid with the cleithrum is some- 
what broad with the dorsal tip of the meso- 
coracoid reaching the midpoint of the verti- 
cal portion of the cleithrum. The articulation 
with the coracoid, however, is similar to the 
typical characiform condition. Therefore, the 
overall enlargement of the mesocoracoid is 
not comparable to that in the Cynodontinae 
and Gilbertolus. 

Lucena and Menezes (1998) also noted the 
enlarged mesocoracoid in cynodontines and 
Gilbertolus. However, as with character 58, 
above, the interpretation of the distribution 
of this feature was ambiguous considering its 
absence in Roestes and given the hypothesis 
of monophyly of Roestes plus Gilbertolus 
they proposed. 


61. Scapula 

The scapular foramen in the Cynodontinae 
is almost entirely exposed when examined 
from lateral view (fig. 18). In the majority of 
examined characiform outgroups the scapu- 
lar foramen is covered laterally by the cleith- 
rum and not exposed in lateral view. The 
condition observed in cynodontines seems to 
be the result of a posterior shift of the artic- 
ulation of the scapula and mesocoracoid rel- 
ative to the medial surface of the cleithrum. 
In cynodontines the enlarged mesocoracoid 
articulates with the cleithrum on the middle 
of the medial surface of this ossification and 
the articulation of the scapula is with the pos- 
teroventral portion of the medial surface of 
the cleithrum. In the typical characiform con- 
dition the articulation of the mesocoracoid 
and scapula is more anterior on the medial 
surface of the cleithrum (Weitzman, 1962: 
fig. 19; Roberts, 1969: figs. 48-52) and as a 
consequence the scapular foramen is com- 
pletely covered by the posterior portion of 
the cleithrum. The insertion of the pectoral 
girdle is also shifted posteriorly as a result of 
the posterior shift of the articulation of the 
scapula with the cleithrum, so that a vertical 
through the base of the unbranched pectoral- 
fin ray is situated posterior to a vertical 
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Fig. 18. Left pectoral girdle of Hydrolycus ar- 
matus, MZUSP 32607; lateral view, anterior to 
left. 


through the posteriormost margin of the 
cleithrum. 

A posterior shift of the articulation of the 
scapula and mesocoracoid with the conse- 
quent exposure of the scapular foramen and 
posterior shifting of the articulation of the 
pectoral girdle occurs also in Gilbertolus 
among examined outgroups (Lucena and 
Menezes, 1998). In the Gasteropelecidae the 
scapular foramen is also exposed from lateral 
view. However, in that family the pectoral 
girdle shows a high degree of modification 
(Weitzman, 1954: 225), including changes in 
the overall shape of the cleithrum. Thus, the 
condition in gasteropelecids on the one hand, 
and that in cynodontines and Gilbertolus on 
the other, seems to be the consequence of 
different modifications of the pectoral girdle. 
In addition in the Gasteropelecidae, the base 
of the unbranched pectoral-fin ray is located 
at the vertical through the posterior margin 
of the cleithrum and not posterior to it, as in 
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the Cynodontinae and Gilbertolus. This fea- 
ture also has an ambiguous interpretation fol- 
lowing the same arguments mentioned above 
for characters 57 and 60. 


62. Cleithrum 

The anterior portion of the cleithrum in cy- 
nodontines ends in a vertically elongate pro- 
cess that articulates with the anterior portion 
of the enlarged coracoids (fig. 18). This fea- 
ture is also present in characiform outgroups 
with enlarged coracoids such as Triportheus 
and Agoniates, but is absent from the Gas- 
teropelecidae. In the remaining examined 
characiform outgroups the anterior portion of 
the cleithrum that contacts the anterior por- 
tion of the coracoid is continuous with the 
posterior part of the cleithrum along the en- 
tire vertical margin of the latter ossification. 
Lucena’s (1993) study on the family Chara- 
cidae provided some support for a hypothesis 
of the relationships of Agoniates. As dis- 
cussed previously under Historical Overview 
and Comments on Cynodontine Relation- 
ships with other characiforms, additional 
studies are needed in order to test that hy- 
pothesis, but in view of the larger number of 
derived features shared by cynodontines and 
other characiforms (e.g., Gilbertolus, Lucena 
and Menezes, 1998), the features shared by 
Agoniates and cynodontines are most parsi- 
moniously interpreted as homoplastic. The 
relationships of 7Triportheus are not fully re- 
solved, but evidence discussed by Castro and 
Vari (1990) points toward a possible rela- 
tionship between Triportheus and some lin- 
eage within Brycon, a group that does not 
possess a cleithrum ending in a vertically 
elongate process. Therefore, the condition in 
cynodontines is, hypothesized as synapo- 
morphic. 

Within cynodontines, the condition in 
Rhaphiodon vulpinus differs from that of Cy- 
nodon and Hydrolycus. In the latter two gen- 
era the anterodorsal tip of the cleithrum that 
contacts the coracoid is pointed anteriorly 
and in some cases slightly upturned. This an- 
terodorsal projection is lacking in Rhaphio- 
don vulpinus in which the anterior portion of 
the cleithrum ends in a continuous curve. In 
the present analysis the condition of the an- 
terior portion of the cleithrum in Rhaphiodon 
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vulpinus is most parsimoniously interpreted 
as autapomorphic for the species. 


The cleithrum shows some differences 
among cynodontines, the most pronounced 
occurring at the posteroventral margin. In 
Rhaphiodon vulpinus the posteroventral mar- 
gin of the cleithrum is fused to and contin- 
uous with the scapula. This species lacks a 
free margin continuous along the entire pos- 
terior and ventral margins of the cleithrum. 

In all Hydrolycus and Cynodon species the 
entire posterior and ventral margins of the 
cleithrum are continuous, with the postero- 
ventral margin of the cleithrum not being 
fused to and continuous with the scapula. 
The condition in Hydrolycus and Cynodon is 
widespread for characiforms, with the con- 
dition in Rhaphiodon occurring only in gas- 
teropelecids, among examined outgroups, 
and hypothesized as independently acquired. 

The margin of the cleithrum dorsal to the 
level of insertion of the pectoral fin is slight- 
ly indented in Cynodon and Hydrolycus spe- 
cies, with the portion of the bone just anterior 
to the insertion of the unbranched pectoral- 
fin ray slightly expanded. The expanded por- 
tion is pointed in H. scomberoides, whereas 
in Cynodon and in the remaining Hydrolycus 
species, this portion of the bone is rounded. 
However, the establishment of unambiguous- 
ly discrete states for this feature was com- 
plicated because of variation of this portion 
of the ossification in the examined cynodon- 
tines. As a consequence this feature is not 
proposed as an additional character of phy- 
logenetic interest. 


PELVIC FINS 


63. Pelvic fin insertion 

The pelvic fin in Hydrolycus scomberoides 
is distinctly dorsal of the ventral profile of 
the abdomen. As a result the ventral profile 
of the abdomen continues without interrup- 
tions to the anus. In other cynodontines the 
pelvic fin is inserted at the ventral profile of 
the abdomen, which is thus interrupted by 
the pelvic-fin insertion, the typical condition 
among characiforms. 

In serrasalmines the pelvic fins are inserted 
slightly dorsal to the ventral profile of the 
body, this being more evident in Mylossoma 
sp. The condition in serrasalmines is associ- 
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ated with the modification of the scales at the 
ventral profile of the body resulting in a ser- 
rated ventral keel. The pelvic fin inserts at 
the dorsal portion of the modified scale of 
the ventral keel, a condition different from 
that of Hydrolycus scomberoides. 

The pelvic fin inserted dorsal to the ventral 
profile of the abdomen in Aydrolycus scom- 
beroides is hypothesized as autapomorphic 
for this species. 


ANAL FIN 


64. Anal-fin rays 

Cynodon species have 61-80 branched 
anal-fin rays. All other cynodontines com- 
bined have 27-50 branched anal-fin rays. 
The high number of branched anal-fin rays 
in Cynodon is unusual among characiforms. 
The clade formed by ctenoluciids, erythrin- 
ids, lebiasinids, and Hepsetus has very short 
anal fins with 13 or fewer rays. The majority 
of other characiforms have up to 38 branched 
anal-fin rays (see Lucena, 1993: 61, 118 for 
the distribution of this feature among chara- 
ciform taxa). Characiforms with relatively 
more branched anal-fin rays include Stethap- 
rion crenatum (36—42; Reis, 1989: 57); Pia- 
bucus caudomaculatus (36-38; Vari, 1977: 
3), and Charax (33-56, Lucena, 1987); Roes- 
tes and Gilbertolus (38—47 and 40-48 re- 
spectively, Menezes and Lucena, 1998). The 
presence of 60 or more branched anal-fin 
rays is unique to Cynodon among characi- 
forms and hypothesized as derived. 


CAUDAL FIN 


65. Hypurals 

Cynodon and Hydrolycus species have hy- 
purals 1—3 fused into a single unit that is ar- 
ticulated with the PU, + U, (fig. 19). In Rha- 
Phiodon only hypurals 2 and 3 are fused into 
a single unit that is articulated with PU, + 
U,. Although the dorsal margin of hypural 1 
is in very close contact with the unit formed 
by the fusion of hypurals 2 and 3, it still 
remains a separate ossification. Although not 
articulated with the PU, + U,, the anterior 
end of hypural 1 extends in a thin process 
directed toward PU, + U,. In one specimen 
of Rhaphiodon vulpinus (LACM 43295-64, 
138.4 mm SL) hypural | is articulated with 
PU, + U,, and it is somewhat fused to hy- 
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purals 2 and 3. In the largest examined 
cleared and stained specimen of Rhaphiodon 
vulpinus (MZUSP 32812, 191 mm SL) hy- 
pural 1 was free from the unit formed by 
hypurals 2 and 3. 

In all juvenile cynodontine specimens 
available for osteological examination Rha- 
Phiodon vulpinus: (USNM 231549, 41.7— 
50.1 mm SL) and Cynodon sp. (AMNH 
32485SW, 35 mm SL) all six hypurals con- 
sist of separate elements. Hypurals 2 and 3 
are still not fused in one specimen of Rha- 
Phiodon vulpinus (BMNH 1935.6.4: 33-39, 
96.8 mm SL). Hypurals 1-3 are already 
fused in a specimen of Cynodon gibbus 
(LACM 43295-89, 102.4 mm SL). 

Fusion of the three ventral hypurals seems 
to occur in at least some Acestrorhynchus 
species. One cleared and stained specimen of 
A. falcatus (AMNH 43418, 140.0 mm SL) 
has the anterior portions of hypurals 1-3 
fused. The posterior portions of these ele- 
ments also seem fused, although the suture 
between the bony plates is still evident. In a 
smaller specimen of the same species 
(MZUSP 4572-91, 111.1 mm SL) the three 
ventral hypurals can still be distinguished as 
distinct elements, albeit in very close contact 
along their proximate margins. One dry skel- 
eton of A. heterolepis (AMNH 93088) has 
the three ventral hypurals completely fused. 
One specimen of A. microlepis (AMNH 
40106, 80 mm SL) has hypurals 1 and 2 
fused into a single element. One specimen of 
A. lacustris has hypurals 1 and 2 fused an- 
teriorly. Hypurals 1—3 of A. nasutus and A. 
falcirostris are separate. The condition for 
Acestrorhychus was coded as a missing en- 
try. 

Other characiforms that show fusion be- 
tween hypurals are the Citharinidae-Disti- 
chodontidae assemblage, Hemiodontidae, 
Serrasalminae, Crenuchus, and Poecilochar- 
ax, discussed by Vari, 1979: 313). In all these 
taxa, the fusion is only of hypurals 1 and 2. 

Roestes and Gilbertolus possess separate 
hypurals, however the presence of some de- 
gree of fusion in hypurals of Acestrorhyn- 
chus, a genus hypothesized as closely related 
to the Cynodontinae, renders the interpreta- 
tion of this character ambiguous. 
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INTERMUSCULAR BONES 


66. Epineurals 

In all cynodontines the medial branch of 
one of the anterior epineural bones contacts 
the lateral surface of the neural complex of 
the Weberian apparatus. 

An account of details of the intermuscular 
bones in teleosts was given by Patterson and 
Johnson (1995). Among ostariophysans, they 
recorded the intermusculars of the characi- 
form Alestes dentex and three cypriniforms 
and pointed out the necessity of a fuller sur- 
vey of the anterior intermusculars in otophy- 
sans. A complete survey of this character 
system is beyond the scope of the present 
study; however, examination of cynodontines 
and outgroups showed that there is a large 
degree of variation of intermuscular bones in 
characiforms. The condition present in cy- 
nodontines is, however, unique to this group 
within examined characiforms and hypothe- 
sized as synapomorphic. 


67. Myorhabdoi 

Rhaphiodon vulpinus possesses highly de- 
veloped myorhabdoi (sensu Chapman, 1944) 
characterized by long, slender bones, 
branched dorsally, that project anteroventral- 
ly along the sides of the body dorsal to its 
longitudinal midline. Myorhabdoi are also 
present along the dorsal-fin pteryogiophores. 
The myorhabdoi are especially developed in 
the anterodorsal portion of the body, where 
they are almost horizontally aligned. In this 
region, some of the myorhabdoi bundle into 
a single, thick bone that attaches to the pos- 
terior surface of the neurocranium. Howes 
(1976: 224) and Lesiuk and Lindsey (1978) 
described this bundle of intermuscular bones 
as being attached to the pterotic. Examina- 
tion of this feature shows, however, that this 
tendon attaches to the region of the supra- 
occipital just posterior to the posterior mar- 
gin of the parietal, and dorsal to the epioc- 
cipital. 

Patterson and Johnson (1995) mentioned 
the presence of myorhabdoi in various teleost 
groups as autapomorphic for those taxa in 
which they occur. Within characiforms, 
myorhabdoi are present in the gasteropele- 
cids (Weitzman, 1954: 224), and in Cithari- 
nus. In none of these taxa are the myorhabdoi 
as developed as in Rhaphiodon. In gastero- 
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pelecids some of the intermuscular bones 
also attach to the neurocranium, at the region 
of the supraoccipital crest (Weitzman, 1954: 
218). These are apparently epipleurals (la- 
beled as epl in figure 2 in Weitzman, 1954: 
244). There is also an intermuscular bone at- 
tached to the posttemporal + supracleithrum 
(figured but not labeled in figure 2 in Weitz- 
man, 1954: 244). I was unable to determine 
whether it consists of a myorhabdoi. In Cith- 
arinus the myorhabdoi do not attach to the 
neurocranium. 

Although closest relatives remain to be 
elucidated, gasteropelecids do not seem to be 
closely related to the Cynodontinae, a hy- 
pothesis also supported by Weitzman (1954: 
230), who, in addition to and Castro and Vari 
(1990), suggested that gasteropelecid rela- 
tionships may lie within some tetragonopter- 
ine lineage. Citharinus is related to the Cith- 
arinidae-Distichodontidae lineage, the other 
members of which do not possess myorhab- 
doi. Therefore, in agreement with Patterson 
and Johnson (1995), the myorhabdoi should 
be hypothesized as independent acquisitions 
in the characiform taxa in which they are 
present. 
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Caudal skeleton of Cynodon gibbus, MZUSP 32587; left side, lateral view, anterior to left. 


The presence of myorhabdoi is unique to 
Rhaphiodon within cynodontines and hy- 
pothesized as autapomorphic. Lesiuk and 
Lindsey (1978) considered that the epaxial 
musculature pulling on this bundle of inter- 
muscular bones (described by them as form- 
ing a cable-like tendon, and labeled as T in 
their fig. 2), provided the force to rotate the 
head upward. 


MISCELLANEOUS 


68. Scales 

The scales of Hydrolycus scomberoides 
are characterized by serrations on their ex- 
posed portion (as opposed to cycloid scales 
in the remaining cynodontine species). This 
kind of scale was termed spinoid by Roberts 
(1993: 62). He restricted the term “‘ctenoid 
scales,’ usually employed for any kind of 
serrated scales, to scales in which the spines 
along the margin are formed as separate os- 
sifications. The presence of spinoid scales is 
not unique to H. scomberoides, among char- 
aciforms and the distribution of such scales 
were discussed by Vari (1995: 28). Accord- 
ing to Vari, the various characiforms that 
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possess spinoid scales are more closely re- 
lated to diverse taxa with cycloid scales. In 
addition, serrations on the scales of most of 
the taxa in which they are present differ in 
form and distribution. The spinoid scales of 
H. scomberoides most resemble those of 
Galeocharax gulo illustrated in Roberts 
(1993: 69, fig. 6). Therefore, spinoid scales 
are hypothesized as having independent ori- 
gins in taxa in which they occur and are au- 
tapomorphic for H. scomberoides. 


69. Gasbladder 

The gasbladder of Rhaphiodon vulpinus 
was described in detail and figured by Nelson 
(1949) and Lesiuk and Lindsey (1978). The 
most distinctive feature of the gasbladder in 
this species is the presence of a series of 
fringelike appendices along the length of the 
lateral surface of the posterior chamber. 
These appendices extend laterally, penetrat- 
ing into the body wall. Nelson (1949) sug- 
gested that the appendices form a refinement 
for the reception of vibrations and/or pres- 
sure changes in the overall functioning of the 
gasbladder and Weberian apparatus in hear- 
ing and hydrostatic perception. Lesiuk and 
Lindsey (1978) noted the proximity between 
the appendices in the swim bladder to the 
pored scales on the lateral-line. 

Cynodon and Hydrolycus species lack ap- 
pendices in the gasbladder. The condition in 
Rhaphiodon vulpinus is unique among char- 
aciforms and is considered autapomorphic. 


PHYLOGENETIC RECONSTRUCTION 


The preceding section detailed the series 
of derived characters congruent with a hy- 
pothesis of the monophyly of the Cynodon- 
tinae, subunits within the subfamily, and di- 
agnostic for cynodontine species. Characters 
pertaining to a hypothesis of cynodontine re- 
lationships with other characiforms are also 
discussed. The analysis of cynodontine rela- 
tionships resulted in a single most parsimo- 
nious cladogram, 66 steps; CI: 0.86; RI: 0.92. 

Synapomorphies and autapomorphies are 
plotted on cladogram of figure 20 according 
to the character numbers in the previous sec- 
tion. Although they were included in the var- 
ious analyses performed, characters 7, 11, 
12, 15, 23, 29, 34, 38, 46, 47, 55-57, 60, 61, 
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and 65 are not plotted on the cladogram. 
These characters either pertain to the ques- 
tion of phylogenetic relationships of cyno- 
dontines with other characiforms or hypoth- 
eses about their evolution were problematic. 
These problems are discussed for each of 
these characters in the previous section. Var- 
ious analyses that included, excluded, or test- 
ed different codings for these characters did 
not affect the resulting scheme of cynodon- 
tine intrarelationships. In figure 20 characters 
with one asterisk represent features that are 
homoplastic within cynodontines but have a 
single most-parsimonious optimization on 
the final cladogram. Characters with two as- 
terisks are ambiguous, having two equally 
parsimonious explanations for their distribu- 
tion within the final most-parsimonious hy- 
pothesis of relationships proposed herein. 


MONOPHYLY OF CYNODONTINAE 


The hypothesis of the monophyly of the 
Cynodontinae is supported by a series of 24 
synapomorphies listed below and discussed 
in the previous section. Nineteen of these 
represent characters unique, unreversed, and 
not further modified within the Cynodonti- 
nae. Characters 51 and 62 are proposed as 
additional synapomorphies for the Cynodon- 
tinae with a further modification in Rhaphio- 
don vulpinus (see monophyly of the latter ge- 
nus); character 45 is further modified in Rha- 
Phiodon vulpinus and Hydrolycus scomber- 
oides; character 20 is partially reversed in 
Hydrolycus armatus and H. tatauaia; char- 
acter 41 is further modified in Cynodon. 
Characters 26, 28, and 54 are ambiguous. 


Synapomorphies: 

1. Contact between antorbital and lateral 
margin of lateral ethmoid (character 2). 

2. Presence of two processes on ventral 
portion of mesethmoid (character 5). 

3. Articulation between anterior portion of 
palatine and posterior portion of vomer 
(character 13). 

4. Shallow depression on lateral surface of 
vomer for articulation of maxilla (char- 
acter 14). 

5. Great expansion of dilatator fossa to 
cover most of the dorsal surface of fron- 
tal (character 19). 
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Fig. 20. Cladogram of the most parsimonious hypothesis of relationships of cynodontine species. 
Numbers followed by one asterisk indicate homoplastic characters within the Cynodontinae, and num- 
bers followed by two asterisks indicate ambiguous characters. 


6. Lack of a shelf on frontal at posterodor- 
sal edge of orbit, partially reversed in 
Hydrolycus armatus and H. tatauaia 
(character 20). 

7. Portion of basioccipital that articulates 
with vertebral column flared posteriorly 


and forming a receptacle for first cen- 
trum (character 25). 

8. Dorsal elongation of posterior portion of 
symplectic to fit into a groove in medial 
face of lower arm of the hyomadibula 
(character 27). 
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. Ectopterygoid teeth arranged in a patch 


covering most or entire surface of ecto- 
pterygoid (character 30). 


. Attachment between posterior portion of 


ectopterygoid and anteroventral portion 
of metapterygoid (character 31). 

Five branchiostegal rays on ceratohyal 
(character 33). 

Foramen for dentary canine in anterior 
portion of snout, with ascending process 
of maxilla shifted posteriorly, not con- 
tacting the premaxilla, and forming the 
posterior and lateromedial portion of fo- 
ramen (character 36). 

Teeth horizontally aligned in mandibular 
replacement trench, with tips of replace- 
ment teeth projecting posteriorly (char- 
acter,37). 

Anterior portion of first hypobranchial 
anteroventrally prolonged into a prong- 
shaped process extending from the ven- 
trolateral margin of its main body (char- 
acter 40). 

Anterior portion of first ceratobranchial 
curved dorsally, forming an angle rela- 
tive to the longitudinal axis of the re- 
maining portion of that ossification, fur- 
ther enlarged in Cynodon (character 41). 
Lack of a direct contact between neural 
complex of Weberian apparatus and pos- 
terior margin of neurocranium (character 
43). 

Transverse process of second vertebra 
bifurcated distally into two short pro- 
cesses that clasp the transverse process 
of third centrum (character 44). 

Highly modified lateral process of sec- 
ond vertebra, further modified in Rha- 
Phiodon vulpinus and Hydrolycus scom- 
beroides (character 45). 

Process on fourth centrum attached by 
ligaments to a process on anterior por- 
tion of fifth centrum (character 50). 
Second process on ventral portion of 
fifth vertebra extending ventral to pro- 
cess of fourth vertebra, further modified 
in Rhaphiodon vulpinus (character 51). 
Elongate parapophyses of precaudal ver- 
tebrae, with parapophysis of one verte- 
bra extending anteriorly and articulating 
with vertebra anterior to it (character 
Seoey 

Enlarged coracoids (character 58). 
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23. Anterior portion of cleithrum ending in 
a vertically elongate process that articu- 
lates with anterior portion of enlarged 
coracoids, further modified in Rhaphio- 
don vulpinus (character 62). 

24. Medial branch of one of the anterior epi- 
neurals contacting neural complex of 
Weberian apparatus (character 67). 


Ambiguous features for this clade are: 

A,. Process on shaft of hyomandibula, ab- 
sent in Cynodon (character 26) 

A,. Metapterygoid teeth, absent in Cynodon 
(character 28). 

A,. Attachment of Baudelot’s ligament to 
ventral portion of enlarged lateral pro- 
cess of second vertebra, absent in Rha- 
Phiodon (character 54). 


The Cynodontinae consists of two primary 
monophyletic lineages, one formed by the 
genus Hydrolycus and the other by a Cyno- 
don and Rhaphiodon clade. 


MONOPHYLY OF HYDROLYCUS 


Only one uniquely derived feature sup- 
ports the monophyly of Hydrolycus (char- 
acter 4). In addition three derived features 
shared between Hydrolycus species and Rha- 
Phiodon vulpinus (characters 26, 28, and 54) 
are ambiguous, having two equally parsi- 
monious explanations for their distribution 
on the most-parsimonious cladogram. 


1. Dorsoventral enlargement of mesethmoid 
spine being almost round in shape from a 
lateral view, further enlarged in Hydroly- 
cus scomberoides, H. armatus and H. ta- 
tauaia (character 4) 


Ambiguous features for this clade are: 

A,. Process on shaft of hyomandibula, also 
present in Rhaphiodon (character 26). 

A,. Metapterygoid teeth, also present in 
Rhaphiodon (character 28). 

A,. Attachment of Baudelot’s ligament to 
ventral portion of enlarged lateral pro- 
cess of second vertebra, also present in 
Cynodon (character 54). 


INTRAGENERIC RELATIONSHIPS IN HYDROLYCUS 


Within Hydrolycus, H. wallacei is hypoth- 
esized as the sister group to a clade formed 
by AH. scomberoides, H. armatus, and H. ta- 
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tauaia, which is diagnosed by the following 
synapomorphies: 


1. Further dorsoventral enlargement of me- 
sethmoid spine (character 4—state 2). 

2. Posterior orientation of portion of lateral 
wing of mesethmoid where part of liga- 
mentous tissues from maxilla attach 
(character 10). 

3. Highly enlarged dentary canines with 
their tips extending through nasal opening 
when mouth is closed (character 35). 

4. Spines on dorsal margin of gill-rakers on 
first ceratobranchial not conspicuously 
larger than spines on lateral surface of 
gill-rakers (andependently acquired in 
Rhaphiodon vulpinus (character 39). 


Hydrolycus armatus and H. tatauaia share 
the following synapomorphy: 

1. Reduced fifth infraorbital, with contact 
between fourth and sixth infraorbitals 
(character 1). 

2. Reduced shelf on frontal at posterodorsal 
edge of orbit (character 20-state1). 


No unique autapomorphies were discov- 
ered for either Hydrolycus armatus or H. ta- 
tauaia. 


Hydrolycus scomberoides is characterized 
by the following autapomorphies: 

1. Reduction of ventral lamella of meseth- 
moid (character 8). 

2. Lateral-ethmoid-orbitosphenoid contact, 
independently acquired in clade formed 
by Rhaphiodon and Cynodon (character 
Wer 

3. Intermediate distance between orbitosphe- 
noid and parasphenoid (character 18). 

4. Reduced dorsal portion of sphenotic 
spine, no longer contacting ventrolateral 
margin of frontal, independently acquired 
in clade formed by Rhaphiodon and Cy- 
nodon (character 21). 

5. Anterior portion of frontal shelf truncated 
at midline of orbit (character 22-—state 4). 

6. Dorsoventrally flat and laterally directed 
lateral process of second vertebra (char- 
acter 45-state 2). 

7. Insertion of pelvic fins far from ventral 
profile of body (character 63). 

8. Serrations on exposed portion of scales 
(character 68). 
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Hydrolycus wallacei is characterized by 

the following autapomorphies: 

1. Ventral processes of mesethmoid anteri- 
orly directed (character 7). 

2. Lack of an anterior shelf of frontal (char- 
acter 22-—state 1). 


MONOPHYLY OF CYNODON and RHAPHIODON 
clade 


Monophyly of the clade formed by Cy- 
nodon and Rhaphiodon is supported by six 
synapomorphies: 

1. Medial process on posterior margin of an- 
torbital, further enlarged in Cynodon 
(character 3). 

2. Lateral ethmoid-orbitosphenoid contact, 
independently acquired in Hydrolycus 
scomberoides (character 17). 

3. Reduced distance between orbitosphenoid 
and parasphenoid (character 18-—state 2). 

4. Reduced dorsal portion of sphenotic spine 
no longer contacting ventrolateral margin 
of frontal, independently acquired in Hy- 
drolycus scomberoides (character 21). 

5. Enlargement of fourth pleural rib + par- 
apophysis (character 49). 

6. Fusion and corrugated pattern of contra- 
lateral coracoids (character 59). 


MONOPHYLY OF CYNODON 


The two species of Cynodon share nine 
synapomorphies plus three characters whose 
distribution can be explained by two equally 
parsimonious hypotheses: 

1. Further enlargement of posterior margin 
of antorbital (character 3-—state 2). 

2. Posterior extension of triangular portion 

of ventral diverging lamella of meseth- 

moid reaching posteroventral margin of 

vomer (character 9). 

Lack of a rhinosphenoid (character 16). 

Anterior shelf of frontal having a curved 

edge (character 22-state 2). 

5. Lack of a dorsal posttemporal fossa, bor- 
dered by supraoccipital, parietal, and 
epioccipital (character 24). 

6. Contact between anterior tip of ectopter- 
ygoid and posterior portion of meseth- 
moid (character 32). 

7. Further dorsal elongation of anterior por- 
tion of first ceratobranchial (character 41— 
state 2). 
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8. Processes on ventral surface of first cen- 
trum (character 42). 

9. Anal fin with 61 or more branched rays 
(character 64). 


Ambiguous features for this clade are: 

A,. Lack of a process on shaft of hyoman- 
dibula (character 26). 

A,. Lack of metapterygoid teeth (character 
28). 

A,. Attachment of Baudelot’s ligament to 
ventral portion of enlarged lateral pro- 
cess of second vertebra, (character 54). 


No unique autapomorphies were discov- 
ered for either Cynodon gibbus or C. septe- 
nartus. 


MONOPHYLY OF RHAPHIODON 


Rhaphiodon is monotypic, represented by 
a highly specialized species R. vulpinus. The 
autapomorphies characterizing Rhaphiodon 
vulpinus are as follows: 

1. Anterior shelf of frontal having a straight 
edge (character 22-state 3). 

2. Spines on dorsal margin of gill-rakers on 
first ceratobranchial not conspicuously 
larger than spines on lateral surface of 
gill-raker, independently acquired in the 
formed by Hydrolycus tatauaia, H. ar- 
matus, and H. scomberoides) (character 
39). 

3. Highly modified lateral process of sec- 
ond vertebra (character 45 -state 3). 

4. Anterior elongation of bladelike portion 
of tripus (character 47). 

5. Posterior portion of transformator pro- 
cess of tripus forming a 90° angle rela- 
tive to its anterior portion, and ending in 
an enlarged rectangular bony plate (char- 
acter 48). 

6. Further enlargement of ventral process 
of fifth vertebra (character 51-—state 2). 

7. Highly modified fifth pleural rib (char- 
acter 52). 

8. Lack of an anterodorsal projection at an- 
terior portion of cleithrum (character 62— 
state 2). 

9. Presence of myorhabdoi (character 67). 

10. Presence of fringelike appendices along 
lateral surface of posterior chamber of 
gasbladder (character 69). 
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Ambiguous features for this species: 

A,. Process on a shaft of hyomandibula, also 
present in Hydrolycus (character 26). 

A,. Metapterygoid teeth present, also pres- 
ent in Hydrolycus (character 28). 

A,. Lack of attachment of Baudelot’s liga- 
ment to lateral process of second verte- 
bra (character 54). 


TAXONOMIC ACCOUNT 


SUBFAMILY CYNODONTINAE EIGENMANN, 
1907 


Rhaphiodontinae: Travassos, 1946: 136. 
Cynodoninae: Fowler, 1958: 10. 
Cynodontidae: Greenwood et al. 1966: 395. 
Cynodontini: Howes, 1976: 206. 


DIAGNOsIs: The subfamily Cynodontinae 
is diagnosed within characiforms by a series 
of derived features listed in Monophyly of 
the Cynodontinae under Phylogenetic Recon- 
struction above. Externally, cynodontines are 
most readily distinguished from all other 
characiforms by their oblique mouth and a 
pair of highly developed dentary canines. 

REMARKS: Howes’s (1976) concept of the 
Cynodontini included Roestes. Herein, the 
Cynodontinae includes only the genera Cy- 
nodon, Rhaphiodon, and Hydrolycus. Lucena 
and Menezes (1998) placed the Cynodonti- 
nae (as herein defined) together with the 
Roestinae (which included Roestes and Gil- 
bertolus) in the family Cynodontidae. 


Key to genera of Cynodontinae 


1. Dorsal-fin origin located distinctly anterior to 
vertical through anal-fin origin (Rios Ama- 
zonas, Tocantins, Capim, and Rio Orinoco 
basins and Essequibo River drainage in Guy- 


AWA) ed Ree ate ose Aydrolycus 
— Dorsal-fin origin located at, or slightly poste- 
rior to, vertical through anal-fin origin .. 2 


2. Branched anal-fin rays 60 or more; dorsal-fin 
origin located slightly posterior to middle of 
body length (snout to dorsal-fin origin 52.6— 
59.0 of SL); body depth at dorsal-fin origin 
19.8-26.4 of SL; 51-54 vertebrae (Rios 
Amazonas, Tocantins, Capim, and Rio Ori- 
noco basins; Demerara River and Essequibo 
River drainage in Guyana; Rio Pindaré 
drainage, Maranhao state, Brazil) ...... 
Fan te eR oe pa ee eee Cynodon 

— Branched anal-fin rays 50 or less; dorsal-fin 
origin located on posterior third of body 
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length (snout to dorsal-fin origin 69.3—74.4 
of SL); body depth at dorsal-fin origin 12.7— 
19.6 of SL; 62-68 vertebrae (Rios Amazon- 
as, Tocantins, Capim, and Rio Orinoco ba- 
sins; Rupununi River in Guyana; Rio Para- 
na-Paraguay and Rio Uruguay systems) ... 
ROR OY Steen « see eed | Rhaphiodon 


Genus Hydrolycus Miiller and Troschel, 
1844 


Hydrolycus Miiller and Troschel, 1844: 93 (type 
species Hydrocyon scomberoides Cuvier, 1819 
by original designation; confirmed under opin- 
ion 1581 of ICZN 1990: 76). 


DIAGNosIs: Hydrolycus is characterized by 
derived features listed above in Monophyly 
of Hydrolycus under Phylogenetic Recon- 
struction. Externally Hydrolycus species can 
be distinguished from remaining cynodonti- 
nes by the relative position of the dorsal fin 
which is located distinctly anterior to the ver- 
tical through the anal-fin origin (a key to Hy- 
drolycus species is presented in Toledo-Piza 
et al., 1999). In Cynodon and Rhaphiodon 
the dorsal-fin origin is located at, or slightly 
posterior to, the vertical through the anal-fin 
origin. 

DISTRIBUTION: Rios Amazonas, Tocantins, 
Capim, and Rio Orinoco basins and Esse- 
quibo River drainage in Guyana. 


Genus Cynodon Agassiz, 1829 


Cynodon Agassiz, 1829: 77 (type species Cyno- 
don gibbus). 

Cynodon Cuvier, 1829: 312. 

Camposichthys Travassos, 1946: 132 (type spe- 
cies Cynodon gibbus by original designation). 


DIAGNOSIS: Cynodon is diagnosed by the 
synapomorphies listed in Monophyly of Cy- 
nodon under Phylogenetic Reconstruction. 
Externally, Cynodon can be easily distin- 
guished from other cynodontines by its rel- 
atively long anal fin with 60 or more 
branched rays in comparison to less than 50 
in Rhaphiodon and Hydrolycus. The anal-fin 
origin in Cynodon is located approximately 
at the vertical through the middle of the body 
length, almost reaching the tips of the pelvic- 
fin rays; in Hydrolycus and Rhaphiodon the 
anal-fin origin is located far posterior to the 
vertical through the middle of the body. 

DISTRIBUTION: Rios Amazonas, Tocantins, 
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Capim, and Rio Orinoco basins; Demerara 
River and Essequibo River drainage in Guy- 
ana; Rio Pindaré drainage, Maranhdo State, 
Brazil. 

REMARKS: The nomenclature of Cynodon 
and Rhaphiodon has been the subject of de- 
bate by many authors including Campos 
(1945), Travassos (1946), Kottelat (1988), 
Eschmeyer and Bailey (1990), Eschmeyer 
(1990), and Whitehead and Myers (1971), as 
a consequence of problems arising from dif- 
ferences in the interpretation of the works of 
Agassiz (1829) and Cuvier (1829). A petition 
was submitted to the International Commis- 
sion on Zoological Nomenclature proposing 
the conservation of the usage of these genus 
names (acknowledgment of receipt appeared 
in Bull. Zool. Nomen (54): 77 under Case 
3041 by M. Toledo-Piza and K. J. Lazara) 
and publication and ruling of the case are 
awaited. 


Key to species of Cynodon Agassiz, 1829 


1. Branched pelvic-fin rays 8; band of dark pig- 
mentation covering caudal-fin base (fig. 21) 
ea ee ee Bee BM Bele 5 2 
Branched pelvic-fin rays 7; no band of dark 
pigmentation covering base of caudal fin 
(fig. 24); orbital diameter 30.1—34.4 of HL 
(Rio Amazonas and its tributaries between 
mouths of Rios I¢a and Tapajos; Essequibo 
River drainage and Demerara River in Guy- 
ana; upper portions of Rio Orinoco basin in 
PVICTTCZINCIA Yeates a tate: hice ae ehelt sire. roi nice 
see eee oh. ie Moe a C. septenarius, new species 
2. Orbital diameter 24.9—33.8 of HL (mean 29.2), 
branched anal-fin rays 68-80 (2 specimens 
with 65 rays) (Rio Amazonas and Rio Ori- 
noco basins, Rupununi River in Guyana, Rio 
Tocantins drainage and Rio Pindaré system, 
state of Maranhao, Brazil) ............ 
Reece he A Pe keg are ee Suey cee eets C. gibbus 
Orbital diameter 29.8—34.4 of HL (mean 31.8), 
branched anal-fin rays 63—67 (upper Maroni 
Riversbtench- Guiana). 63 css ls. Ae ae, 
ody CEES, SRR C. meionactis (see below) 


COMMENTS ON CYNODON MEIONACTIS 


I examined one paratype (MNHN 1998- 
400) and one nontype specimen of C. meion- 
actis (MNHN 1998-1769). Dr. M. Jégu 
checked characters of the holotype (MNHN 
1998-0397). I concluded that C. meionactis 
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Géry et al., 1999, is different from C. sep- 
tenarius. 

Cynodon septenarius and C. meionactis 
have a relatively large orbital diameter com- 
pared to C. gibbus. Cynodon septenarius can 
be distinguished from C. meionactis by the 
lack of the band of dark pigmentation on the 
base of the caudal-fin rays (fig. 24), present 
in C. meionactis (Géry et al. 1999: 71, figs. 
1 and 3); and in having 1,7 pelvic-fin rays 
compared to i,8 in C. meionactis. The num- 
ber of anal-fin rays showed a large degree of 
variation in C. septenarius (61—77) overlap- 
ping with that of C. meionactis (which has 
63-67, Géry et al., 1999: 70). However, the 
variation observed in C. septenarius does not 
demonstrate any geographical pattern. 

Géry et al. (1999: 71, 77) also suggested 
the existence of an undescribed Cynodon 
species in the upper Rio Negro, however, 
they did not formally describe it, although 
the diagnostic features provided by those au- 
thors for that form conform to those of C. 
septenarius. In addition, according to the 
present study, C. septenarius is the only Cy- 
nodon species that occurs in the upper Rio 
Negro, the area from which the specimens 
examined by Géry et al. (1999) originated. 

Géry et al. (1999) hypothesized that C. 
meionactis, Was endemic to the upper Maroni 
River basin pending examination of speci- 
mens that might originate from Suriname. No 
Cynodon specimens from Suriname were ex- 
amined in the present study and the closest 
known occurrence of the genus in the Guian- 
as is in Guyana where C. gibbus occurs in 
the Rupununi area and C. septenarius occurs 
in the lower portions of the Essequibo River 
drainage and in the Demerara River. Studies 
of other characiform taxa have revealed spe- 
cies restricted to the Maroni River system of 
Suriname and French Guiana with some of 
them also occurring in the Mana River drain- 
age (e.g., Cyphocharax punctatus, Vari, 
1992a; Hemiodus huraulti, Langeani, 1996; 
Semaprochilodus varii, Castro, 1988, also 
see Planquette et al., 1996). 

In the present study, complete descriptions 
are provided for C. gibbus and C. septenar- 
ius. Detailed information on C. meionactis is 
provided by Géry et al. (1999). 


NO. 3286 


Cynodon gibbus Agassiz, 1829 


Rhaphiodon gibbus Agassiz, 1829: 77, pl. XX VII 
(plate labeled Cynodon gibbus) (original de- 
scription, type locality: Brazil). @ Lasso, 1988: 
132 (Venezuela, lower Rio Orinoco, identifica- 
tion based on location). 

Cynodon gibbus: Cuvier, 1829: 312 (named in a 
footnote to the description of the genus Hydro- 
cyon; nomen nudum). @ Valenciennes, 1849: 
333 (Brazilian Amazon; description). @ Kner, 
1859: 46 (Brazil, Rio Branco). @ Giinther, 1864: 
359 (based on Valenciennes, 1849). @ Cope, 
1878: 688 (Peru; identification based on loca- 
tion). @ Steindachner, 1883: 15 (Peru, Rio Hual- 
laga). @ Ulrey, 1895: 296 (Brazil, Rio Tocantins 
specimen in poor condition; identification based 
on location). ® Eigenmann and Eigenmann, 
1891: 59 (Peru, list of species). © Fowler, 1906: 
467 (Peru; description; identification based on 
location); 1945: 158, fig.50 (Peru; list of spe- 
cies); 1950: 330 (literature compilation, refer- 
ences in part); 1975: 277 (literature compila- 
tion). @ Eigenmann, 1910: 444 (literature com- 
pilation). @ Eigenmann and Allen, 1942: 271 
(Peru, Yurimaguas; common name). @ Campos, 
1945: 473 (Brazil, Rio Amazonas; description). 
@ Schultz, 1950: 48 (references, in part). @ 
Lowe-McConnel, 1964: 110 (Guyana, Essequi- 
bo River, Dadanawa ponds). @ Ovchynnyk, 
1967:Appendix A (list of freshwater fishes of 
Ecuador). @ Howes, 1976: 204 (specimens at 
the BMNH). @ Mendes dos Santos et al., 1984: 
40 (Brazil, Rio Tocantins). @ Taphorn and Lil- 
yestrom, 1984:70 (Venezuela, Rio Apure drain- 
age). ® Lauzanne and Loubens, 1985: 56 (Bo- 
livia, Rio Mamoré, Trinidad). @ Géry, 1986: 66 
(key to cynodontine species). @ Ortega and 
Vari, 1986: 10 (list of freshwater fishes of 
Peru). @ Barriga, 1991: 30 (list of freshwater 
fishes of Ecuador, common name). @ Taphorn, 
1992: 436 (Venezuela, Rio Apure drainage). 
(Not Eigenmann, 1912; @ Pellegrin, 1909; Di 
Caporiacco, 1935; Boeseman, 1952). 

Raphiodon gibbus: (genus name misspelled): 
Miller and Troschel, 1844: 94 (Brazil); 1845: 
19 Gdentical with Miiller and Troschel, 1844). 

Cynodus gibbus: (genus name misspelled) Macha- 
do-Allison, 1987: 134 (Venezuela, Llanos, iden- 
tification based on location). 


DIAGNOSIS: Cynodon gibbus can be distin- 
guished from Cynodon septenarius by the 
presence of a band of dark pigmentation that 
covers the base of the caudal-fin rays (fig. 
21), the presence of 8 (versus 7) branched 
pelvic-fin rays, and by a relatively smaller 
orbital diameter (24.9—33.8 versus 30.1—34.4 
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Fig ok, 
capuru. 


of HL) (fig. 22). Cynodon gibbus differs 
from C. meionactis by the relative smaller 
orbital diameter (24.9—33.8, mean 29.2 ver- 
sus 29.8—34.4, mean 31.8, respectively) and 
higher number of branched anal-fin rays (68— 
80, 2 specimens with 65 rays, versus 63-67, 
respectively). See also comments under Re- 
marks, previous comments on C. meionactis, 
and Géry et al. (1999). 

DESCRIPTION: (table 1) Body compressed 
laterally, deep anteriorly, greatest body depth 
approximately at vertical through pectoral-fin 
base, depth decreasing posteriorly. Dorsal 
profile of head concave at interorbital region. 
Predorsal body profile strongly convex, 
forming pronounced hump at vertical 
through middle of orbit; straight and slightly 
posteroventrally slanted at dorsal-fin base, 
proportionally less slanted and almost 
straight in region of body extending from 
that point to vertical through last anal-fin ray; 
concave between latter point and origin of 
dorsalmost procurrent caudal-fin ray. In a 
small specimen 35 mm SL, dorsal profile of 
head straight, dorsal profile of body convex 
anterior to dorsal-fin origin, straight posteri- 
orly. Ventral profile of body convex to pos- 
terior tip of coracoids; straight and postero- 


Cynodon gibbus, neotype, MZUSP 6539, 146.4 mm SL, Brazil, Amazonas, Lago Mana- 


dorsally slanted (sometimes slightly convex) 
to pelvic-fin base; straight from that point to 
anal-fin origin; straight and posterodorsally 
slanted along anal-fin base, concave from 
rear of anal fin to caudal-fin origin. Ventral 
surface of body with keel from isthmus to 
pelvic fin-base; keel anteriorly supported by 
expanded coracoids. 

Infraorbitals and opercular bones with lat- 
erosensory canal system highly branched; ca- 
nals more developed in larger individuals. 
Mouth obliquely aligned relative to horizon- 
tal axis of body, with upper jaw very long 
relative to head length; posterior tip of max- 
illa extending to vertical through posterior tip 
of second infraorbital; relatively more elon- 
gate in smaller individuals. Third infraorbital 
not in contact with preopercle ventrally. Ad- 
ipose eyelid with notch in region of orbital 
margin where second and third infraorbitals 
meet. 

Teeth in both jaws conical, in single row, 
varying in size. Premaxilla with 3 small ca- 
nines, similar in size, one at the anterior and 
one at the posteriormost portion; third canine 
sometimes slightly smaller, located anterior 
to posteriormost canine and separated from 
it usually by 2 or 3 small conical teeth; sev- 
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TABLE 1 
Morphometric and Mertistic Data of Cynodon gibbus and Cynodon septenarius 


Cynodon gibbus 


Character neotype n 
MORPHOMETRICS 
Standard length 146.4 S92 
Body depth at pelvic-fin origin BSD 67 
Body depth at dorsal-fin origin 23.4 71 
Snout to dorsal-fin origin 53.4 70 
Snout to pectoral-fin origin 2-5 F2 
Snout to pelvic-fin origin 43.9 70 
Snout to anal-fin origin 51.1 72 
Eye to dorsal-fin origin 45.9 72 
Dorsal-fin origin to caudal-fin origin 47.4 de 
Dorsal-fin origin to adipose fin origin 35.1 72 
Pectoral-fin origin to anal-fin origin 28.6 72 
Caudal-peduncle length 6.5 71 
Caudal-peduncle depth EO 71 
Head-length 19.8 the 
Snout length 26.2 Jz 
Orbital diameter 28.3 72 
Interorbital width 31.4 Fee 
Postorbital length 48.6 72 
Dorsal-fin base a7 72 
Dorsal-fin length 14.3 46 
Anal-fin base 45.8 71 
Pectoral-fin length 31.1 a7 
Pelvic-fin length 7.3 ys) 
Upper jaw length 82.4 Jz 
Dentary canine length 13.1 71 
MERISTICS 
Scales along lateral-line series 105 70 
Scale rows above lateral line 19 70 
Scale rows below lateral line ot 70 
Scale rows around caudal peduncle 29 68 
Branched anal-fin rays 78 69 
Branched pectoral-fin rays 14 Tia 
Gill-rakers on first ceratobranchial 17 69 


Cynodon septenarius 


NO. 3286 


range mean holotype n range mean 
77.0—280.0 247.0 51 94.5-312.0 
21.5-31.0 25.9 27.7 AT 22.4-28.9 25.5 
19.8-25.9 22.7 25.1 51 20.5—26.4 23.0 
52.9-59.0 54.9 Dad al 52.6-57.1 54.9 
24.8-28.9 26.3 26.8 51 24.4-27.9 26.0 
43.3-49.3 45.4 45.9 48 43.2-47.9 45.4 
50.2-58.0 53.0 53.6 51 49.7-55.9 53.2 
45.1-52.3 48.1 48.2 51 45.5-51.0 48.1 
43.8-48.5 46.7 47.1 aL 44.7-48.4 46.7 
31.3-36.5 33.9 34.5 51 32.4-35.8 34.4 
26.3-33.1 29.3 28.3 51 26.3—33.1 29.6 
5.5—7.6 6.5 6.0 51 5.1-8.3 6.4 
5.6—7.5 6.6 7.4 51 6.1—7.8 6.8 
19.0-22.1 20.3 20.4 51 18.8-21.8 20.0 
23.5-29.4 26.5 22 51 23.4-27.8 25.3 
24.9-33.8 29.2 30.0 51 30.1-34.4 32.0 
26.1-36.6 30.3 30.2 51 23.5-30.9 27.8 
43.3-54.7 48.2 48.6 51 42.7-49.6 46.5 
4.5—6.5 ame G2 51 5.0—-6.6 6.0 
13.1-17.0 15.1 132 36 13.3-15.9 14.7 
41.5-49.0 45.2 44.6 S51 42.0-48.1 44.7 
28.9-34.0 31.7 30.7 45 27.4-33.0 30.4 
6.9-10.5 8.3 7.8 43 7.39.1 8.2 
75.5-84.6 80.8 77.2 51 75.7-84.6 79.4 
11.6-16.9 14.4 PA 49 9.6-16.1 12.7 
96-109 102.8 103 50 100-109 103.7 
17-23 20.1 16 51 15-21 LS 
18-23 20.1 18 51 13-20 16.6 
25-35 29.7 30 51 24-30 27.0 
65-80 toed 76 50 61-77 70.0 
14-17 15.7 is 50 15-17 15.8 
16—20 18.1 | Bes 50 15-21 18.2 


eral small conical teeth between anteriormost 
and middle canines. Maxilla with slightly en- 
larged conical teeth separated by smaller 
teeth of similar size; teeth gradually becom- 
ing smaller posteriorly. Dentary with well- 
developed canine, extending up into snout 
when mouth is closed, tip of canine reaching 
nostrils anteriorly. Dentary with one smaller 
canine anterior to largest canine; smaller ca- 
nine about half the size of the largest dentary 
canine and preceded by another smaller con- 
ical tooth anteriorly; dentary canines poste- 
rior to largest canine separated by conical 
teeth of varying size; teeth gradually decreas- 


ing in size posteriorly. Teeth on ectoptery- 
goid and mesopterygoid very small and con- 
ical. No teeth on metapterygoid. 

Scales without distinct serration, scales 
small on dorsal portions of body, scale size 
increasing toward lateral line; largest scales 
along lateral line; scales on region dorsal to 
anal fin small. Scales along predorsal midline 
very small, arranged in somewhat irregular 
rows. Row of scales forming keel from pos- 
terior portion of coracoid to pelvic-fin base 
less rounded in shape than those covering 
rest of body. Scales below lateral line 
obliquely arranged. Lateral-line scales with 
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Fig. 22. Plot of orbital diameter against head length, both in millimeters, for Cynodon gibbus (filled 


in circles) and Cynodon septenarius (open circles). 


many divergent side branches from main lat- 
eral-line canal. Divergent branches more de- 
veloped in larger individuals; no side branch- 
es of lateral-line canal present in specimens 
under 80 mm SL. Lateral-line canal extend- 
ing to posterior tip of middle caudal-fin ray. 

Dorsal-fin rays 11,10. Dorsal-fin origin 
slightly posterior to vertical through anal-fin 
origin. First basal dorsal-fin pterygiophore 
inserting behind neural spine of 19th or 20th 
vertebra. Distal margin of dorsal fin straight 
to somewhat concave. First anal-fin ptery- 
giophore inserting behind hemal spine of 
22nd to 24th vertebrae. Distal margin of anal 
fin straight. Scales covering one-third to one- 
half length of anal-fin rays, less so in speci- 
mens smaller than 80 mm SL. Pectoral-fin 
rays pointed distally. Posterior tip of longest 
pectoral-fin ray extends beyond vertical 
through anal-fin origin, and reaches vertical 
through dorsal-fin origin. Pelvic fin short, 
rays 1,8 (7 in three specimens, see comments 
under Remarks). Pelvic-fin base inserted at 
level of ventral profile of abdomen. Caudal 
fin forked, middle caudal-fin ray elongate, 
slightly longer than rays immediately dorsal 


and ventral to it, but its tip not extending to, 
or beyond, vertical through tip of dorsalmost 
principal ray; distal margin of upper lobe 
somewhat concave, and of lower lobe round- 
ed; scales covering only basal portion of fin 
rays, not extending onto their branched por- 
tions. 

VERTEBRAE: 51 (2); 52 (9); 53 (13); 54 (1); 
SC Is). 

COLOR IN ALCOHOL: Specimens retaining 
guanine on scales with silver coloration on 
sides of body and head (including lower jaw, 
except for tip) to horizontal through dorsal 
margin of orbit, darker dorsally, including tip 
of lower jaw. In many specimens dark pig- 
mentation of head extends to dorsal half of 
opercle and around infraorbitals. Specimens 
lacking guanine with yellowish-tan ground 
coloration (dark tan in some specimens) on 
sides of body and head, slightly darker dor- 
sally. Specimens show varying degrees of 
guanine retention. Spot of dark pigmentation 
on posteriormost portion of supracleithrum. 
Specimens retaining pigmentation on fins 
with dorsal fin dusky; distal half of pelvic 
fins and dorsal portion of pectoral fins (es- 
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Cynodon gibbus. (Arrow indicates locality of neotype). Some symbols represent more than one lot of 


specimens or locality. 


pecially unbranched pectoral-fin ray) covered 
with dark chromatophores. Distal half of anal 
fin with band of dark chromatophores. Base 
of caudal-fin rays with dark pigmentation 
forming vertically elongate blotch, less con- 
spicuous on ventral portion of caudal-fin 
base. Adipose fin hyaline. 

GEOGRAPHIC DISTRIBUTION: Cynodon gib- 
bus is widely distributed throughout the riv- 
ers of the Amazon basin ranging from the 
westernmost portions of the basin in the Rios 
Marafion and Ucayali east to the drainages 
of the rios Purus, Madeira, Branco, Amazon- 
as, Trombetas, Xingu, and Tocantins basins 
(fig. 23). Three specimens (MZUSP 43613) 
were collected in Rio Pindaré, Maranhao 
state, Brazil representing the only record of 
a Cynodontinae in a drainage of northeastern 
Brazil. Cynodon gibbus also occurs in the 
middle and lower portions of the Rio Ori- 
noco basin, and in the Rupununi River, in the 
upper portions of the Essequibo River, Guy- 
ana. 

Cynodon gibbus is found in sympatry with 


C. septenarius in Rio Uatuma, a tributary of 
the Rio Amazonas, Brazil. In the Rio Branco, 
a tributary of Rio Negro, the two species are 
found in proximate localities: Cynodon gib- 
bus (MZUSP 32595) at Marara, and C. sep- 
tenarius (MZUSP 32596) at the confluence 
of Rio Branco and Rio Xeriuni. In the Rio 
Trombetas drainage samples of Cynodon gib- 
bus were examined only from localities be- 
low the cataracts of Cachoeira da Porteira, at 
the mouth of the Rio Mapuera, whereas spec- 
imens of C. septenarius examined were col- 
lected in the Rio Mapuera (above Cachoeira 
da Porteira). 

REMARKS: The features that distinguish 
Cynodon gibbus from its congener, C. sep- 
tenarius, seem consistent throughout the 
samples examined. However, in a few in- 
stances some incongruences were observed. 
Table 2 shows that three specimens (AMNH 
12542, MZUSP 32595, and MCNG 19340) 
assigned to Cynodon gibbus have 7 branched 
pelvic-fin rays on the left side (they have 8 
branched rays on the right side). In 11 spec- 
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imens, pelvic-fin ray counts could not be tak- 
en because of fin damage. 

In spite of the significant difference in or- 
bital diameter (fig. 22) this feature show a 
slight overlap between the two species (table 
1). Specimens of Cynodon gibbus with rel- 
ative orbital diameters larger than 30.5 mm 
SL are found in the Rio Orinoco drainage 
and in Rios Madeira, Xingu, Branco, and 
Ucayali in the Amazon basin, not conform- 
ing, however, to any geographic pattern. In a 
few instances the band of dark pigmentation 
at the base of the caudal fin was faint, in 
many cases evidently a preservation artifact. 

The problems mentioned above made spe- 
cies determination difficult in a few instanc- 
es. In most of the cases such specimens be- 
longed to lots with a number of other spec- 
imens that consistently showed all the fea- 
tures diagnostic for Cynodon gibbus. In other 
cases (e.g., MCNG 19340) the specimens 
originated in a region where C. septenarius 
does not occur. Given these facts and because 
these specimens showed some of the distin- 
guishing features of Cynodon gibbus, they 
were assigned to that species. 

Cynodon gibbus was described on the ba- 
sis of a single specimen collected by Spix 
and Martius and originating from the rivers 
of Brazil (“‘Brasiliae fluviis” in Agassiz, 
1829: 78). Many specimens on which Ag- 
assiz’s descriptions were based are housed at 
the MHNN, Neuchatel (see, Rhaphiodon vul- 
pinus, below). The rest of Spix and Martius’s 
specimens remained at the Zoologische 
Staatssammlung Mtinchen but were de- 
stroyed during a bombing raid in 1944 (Ter- 
ofal, 1983 and Kottelat, 1988). I was unable 
to locate any specimen of Cynodon gibbus 
potentially used by Agassiz as a basis for his 
description and it may have been destroyed. 
The number of nine pelvic-rays (‘‘pinnae 
pectoralis ventrales 9’’, Agassiz, 1829: 78) 
reported in the original description can be 
used to identify the specimen Agassiz ex- 
amined as Cynodon gibbus. As discussed 
above, Cynodon gibbus has 1,8 pelvic-fin 
rays (total of nine) and C. septenarius has i,7 
(total of eight). A few specimens of Cynodon 
septenarius also have a total of nine pelvic- 
fin rays (see discussion under Remarks of 
that species). The areas in Brazil sampled by 
Spix and Martius (Papavero, 1971, map 7 
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following page 66), where Cynodon occurs, 
encompass the distribution of Cynodon gib- 
bus and C. septenarius. Therefore, we cannot 
absolutely determine that the specimen ex- 
amined by Agassiz was Cynodon gibbus or 
C. septenarius with an aberrant number of 
pelvic-fin rays. Agassiz did not mention any 
pigmentation associated with the caudal fin, 
so this feature cannot be used to resolve the 
problem. But since only three out of 45 spec- 
imens of C. septenarius had nine pelvic-fin 
rays, the nine pelvic-fin rays reported by Ag- 
assiz (in Agassiz, 1829: 78) can be argued as 
evidence that the specimen he was dealing 
with was indeed Cynodon gibbus. 

In light of the discussion above and in or- 
der to stabilize the nomenclature of Cynodon 
gibbus, a specimen MZUSP 6539, 146.0 mm 
SL is herein designated as neotype of Cy- 
nodon gibbus Agassiz, 1829. Agassiz (1829) 
reported the specimen of Cynodon gibbus as 
originating from the rivers in Brazil (“‘Bras- 
iliae fluviis’’). Papavero (1971, map follow- 
ing page 66) described the itinerary of Spix 
and Martius’s collecting trip. The specimen 
herein designated as neotype of Cynodon 
gibbus originated from Lago Manacapuru, 
Amazonas State, located within the region 
from which the Spix and Martius collections 
were made. 

MATERIAL EXAMINED: 226 specimens (72, 
77.0-280): 

TYPE MATERIAL: MZUSP 6539 (1, 146.0) 
Lago Manacapuru; NEOTYPE (present des- 
ignation); see discussion above under Re- 
marks. 

NONTYPE MATERIAL: BOLIVIA. El Beni: 
AMNH 77340 (1, 85.7) mouth of Rio Ibarre; 
USNM 305368 (2, 169.0—261.0) Ballivia, 
Rio Cuiraba at 10 km NE El Porvenir Bio- 
logical Station, at 40 air km E San Borja; 
MNHN 1989 1457 (4, 119.7—180.0), Trini- 
dad, Santa Rosa. BRAZIL. Amazonas: 
BMNH _  1913.7.7:5 (1, 225.0); BMNH 
1970.4.2:2 (1, 159.0) Manaus; USNM 
229138 (1, 86.8) embayment of Ilha da Mar- 
chantaria; USNM 229139 (1, 157.0) near 
Manaus, Lago Terra Preta, Janauari; MCZ 
21389 (1, 171.0) Manaus and environs; MCZ 
21331 (2, 217.0—220.0) Lago Janauari; INPA 
5328 (3, 191.0—200.0) Rio Amazonas, Ilha 
do Caieiro, Lago do Rei; INPA 5348 (1, 
221.0) Rio Uatuma; MCZ 21411 (1, 112.6) 
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SERPA, Rio Amazonas at Itacoatiara; 
MZUSP 13497 (1, 226.0) Rio Amazonas, 
Itacoatiara; MZUSP 21489 (1, 130.0) Pauini; 
MCZ 21392 (2, 82.6—-189.0) Rio Javari; 
MCZ 21403 (4, 122.4—133.7) Rio Putumayo 
near the Brazilian-Colombian border; MCZ 
21380 (1, 98.4) Lago Coari; MZUSP 27340 
(3, 144.0—157.0) Costa do Capacete, Rio So- 
limdes, Municipio of Tabatinga; MZUSP 
35550 (1, 124.0) Igarapé Joari, Humaita; 
MZUSP 6972 (1, 100.0) Rio Madeira; Parad: 
CAS 53414 (1, 134.1) Lago Grande, into Rio 
Amazonas; CAS 69890 (1, 200.0) “‘Santarém 
River’; CAS 79320 (2, 219.0—226.0) San- 
tarém Market; INPA 5340 (1, 122.0) Rio 
Mapuera, Cachoeira Sao Francisco, Cachoei- 
ra Porteira, INPA 5341 (1) Rio Mapuera, 
Cachoeira da Egua; INPA 5326 (1, 167.0); 
INPA 5327 (1, 163.0), Rio Tocantins, Ican- 
gui; MZUSP 32588 (1, 176.0); MZUSP 
32589 (1, 226.0) Rio Itacaiunas, Caldeirao; 
MZUSP 32587 (1, 149.9) Rio Xingu, Belo 
Monte; Rondénia: INPA 14528 (1, 128.0) 
Rio Mamoré, below Surpresa, and the mouth 
of Rio Guaporé; INPA 14529 (2, 230.0) Rio 
Guaporé, Pimenteiras; INPA 14530 (1, 
280.0) Rio Jamari, below Samuel dam; 
MZUSP 32592 (5, 159.0—-193.0); MZUSP 
32593 (31, 170.0—258.0) Rio Madeira, Cal- 
ama; Roraima: NMW_ 68729 (2, 183.0— 
198.0); NMW 57862 (1, 186.0) Rio Branco; 
MZUSP 32594 (1, 215.0) Rio Branco, Cach- 
oeira do Bem-Querer; MZUSP 32595 (4, 
132.0-160.0) Rio Branco, Mararaé; NMW 
57112 (1, 226.0) Conceigaéo, Rio Branco; 
NMW 57113 (1, 238.0) Rio Branco, Boa 
Vista; Goids: MZUSP 40401 (1, 185.0) Rio 
Macacos, tributary of Rio Parana, Fazenda 
Fortaleza, Flores de Goiads; MZUSP 40737 
(1, 157.0) Rio Parana, above mouth of Rio 
Atalaia, Village of Porto Real, Monte Alegre 
de Goids; MZUSP 4840 (1, 98.0) Rio Ara- 
guaia, Aruana; Acre: AMNH 223194 (2, 
127.9—-134.7) vicinity of Rio Macaua, tribu- 
tary of Rio Iaco, a tributary of Rio Purus, 
near Sena Madureira; MCZ 33512 (1, 131.6) 
vicinity of Rio Macaua, tributary of Rio Iaco 
(tributary of Rio Purus); Maranhdo: MZUSP 
43613 (3, 208.0—280.0) Lago do Viana, Rio 
Pindaré system; MNHN 1683 (1, 211.0) Bra- 
zil, “‘Amazone”; MZUSP 3119 (1, 216.0) 
Para and Amazonas; MNHN 1994 —0170 (2) 
Brazil, Rio Solimdes; NMW 57110 (1, 
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140.4) Rio Purus. COLOMBIA. Meta. ANSP 
128216 (1, 194.0) Laguna Mozambique at 
Mozambique Ranch; NE portion of lake; 
ANSP 128257 (1, 155.0) Laguna Mozam- 
bique, central pond, part of ox-bow N of and 
connecting with E current of laguna. EC- 
UADOR. Napo: BMNH_ 1970.4.3.6 (1, 
100.4) Jatuncocha; FMNH 103386 (2, 
193.0—232.0) outflow of Laguna Jatuncocha; 
FMNH 103387 (2, 171.0—218.0) Rio Yasuni, 
1—2 km downstream from confluence with 
Rio Jatuncocha; FMNH 103388 (1, 258.0) 
Rio Yasuni, Laguna Jatuncocha; FMNH 
103389 (3, 86.9—-189.0) mouth of Quebrada 
to the Rio Tiputini. GUYANA. CAS 16076 
(1, 107.2) Menari Ranch, near Lathan 
(=Lethem?), border with Brazil; BMNH 
1972.7.27:43—45 (3, 211.0 from one speci- 
men), Rupununi, Dadanawa ponds. PERU. 
Loreto: ANSP 136849 (2, 134.2—134.6) vi- 
cinity of Iquitos, Moronacocha outlet, right 
bank of Rio Nanay; CAS 134786 (2, 98.3-— 
99.1) near Pebas, cafio Tuye; CAS 134787 
(1, 119.7) near Pebas, Rio Ampiyacu; CAS 
166549 (1, 85.3) near Pebas; USNM 167773 
(2, 147.0—190.0) Lago Sanango, near Yuri- 
maguas; CAS 69886 (3, 156.0—208.0) Lago 
Sanango, large cutoff lake of Rio Huallaga, 
above Yurimaguas, connected to river by 
narrow channel; MZUSP 26107 (1, 151.0), 
Rio Ucayali, Jenaro Herrera; Ucayali: 
MZUSP 26176 (3, 102.0—105.0) Rio Uca- 
yali, Bagazan, Coronel Portillo; MZUSP 
26728 (1, 107.0) Rio Ucayali, Pucallpa, Cor- 
onel Portillo, Departamento Ucayali; Ama- 
zonas: LACM 39857-10 (1, 35.0), LACM 
39883-7 (1, 162.0); LACM 41724-12 (1, 
94.9) Rio Santiago at La Poza; LACM 
36343-3 (1, 208.0) Ayambis; ANSP 21208 
(2, 133.8-152.0) Peruvian Amazon; VENE- 
ZUELA. Anzodtegui: ANSP 149475 (1, 78.8) 
river shore, N bank of rio Orinoco, just 
downstream from Ciudad Bolivar; Delta 
Amacuro: CAS 50771 (1, 96.5) Delta Ama- 
curo, in cove on shore; LACM 43295-89 
(65, 100.0—144.0) Rio Orinoco, on N shore 
at Isla Portuguesa; LACM 43382-22 (11, 
77.1—125.0) Rio Orinoco, secondary cafio 
about 500 m from its mouth in cafio Guar- 
guapo; LACM 43399-25 (2, 102.0—104.0) 
Rio Orinoco, Cafio Chivera, Isla Chivera, 
near Barrancas; UMMZ 211280 (1, 112.2) 
lagoon in Rio Orinoco, 131 nautical miles 
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Fig. 24. 
Rio Tefé, Supia-Pucu. 


from Sea Buoy; USNM 222855 (2, 136.0), 
USNM 233932 (1, 147.0 ) Rio Orinoco, 
small cao near mouth of Cafio Socoroco, 11 
nautical miles upstream from sea buoy; Por- 
tuguesa: MCNG 19340 (1, 138.0) cafio Ig- 
ues; Apure: USNM 258193 (1, 115.4) side 
channel of Rio Apure ca. 5 km W of San 
Fernando de Apure; ANSP 160097 (1,122.0) 
Rio Orinoco at El Burro; Bolivar: USNM 
222848 (1, 212.0) Rio Orinoco, cove at W 
end of Islote Fajardo, 182 nautical miles up- 
stream from Sea Buoy; ANSP 166727 (6, 
120.0—195.0) Caicara. Guarico: USNM 
257564 (1, 208.0) Rio Orituco where crossed 
by road from Calabozo. 


Cynodon septenarius, new species 


Cynodon gibbus: (misidentification): Eigenmann, 
1912: 395 (British Guiana [= Guyana]; descrip- 
tion); 3 of 7 cited specimens examined). @ Pel- 
legrin, 1909: 148 (Brazil, Tonnantins [= Ton- 
antins]). 


DIAGNOSIS: Cynodon septenarius lacks the 
band of dark pigmentation covering the base 
of the caudal-fin rays that is characteristic of 
C. gibbus (compare figs. 24 and 21). Dark 
pigmentation is sometimes scattered in the 
region of the caudal peduncle and caudal-fin 
base, but in those cases the pigmentation is 
never very dense and does not form the con- 
spicuous dark band present in C. gibbus. The 
presence of 7 (versus 8) branched pelvic-fin 


Cynodon septenarius, new species, holotype, MZUSP 32590, mm SL, Brazil, Amazonas, 


rays and the relatively larger orbital diameter 
(30.1-34.4 versus 24.9-33.8 of HL) also dis- 
tinguish Cynodon septenarius from C. gibbus 
(see comments under Remarks of these two 
Species accounts). Cynodon septenarius can 
be distinguished from Cynodon meionactis 
by the lack of the band of dark pigmentation 
covering the base of the caudal-fin rays pre- 
sent in the latter species, and the presence of 
7 (versus 8) branched pelvic-fin rays. See 
also under Comments on C. meionactis, and 
see Géry et al. (1999). 

DESCRIPTION: (Table 1) Body compressed 
laterally, deep anteriorly, greatest body depth 
approximately at vertical through pectoral-fin 
base, depth decreasing progressively poste- 
riorly. Dorsal profile of head concave at in- 
terorbital region. Predorsal body profile 
strongly convex, forming pronounced hump 
at vertical through middle of orbit; straight 
and slightly posteroventrally slanted along 
dorsal-fin base, proportionally less slanted 
and almost straight in region of body extend- 
ing from that point to vertical through last 
base of anal-fin ray; concave between latter 
point and origin of dorsalmost procurrent 
caudal-fin ray. Ventral profile of body con- 
vex to posterior tip of coracoids; straight and 
posterodorsally slanted (sometimes slightly 
convex) from that point to pelvic-fin base; 
straight from there to anal-fin origin; straight 
and posterodorsally slanted along anal-fin 
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base, then concave to caudal-fin origin. Ven- 
tral surface of body with keel extending from 
isthmus to pelvic-fin base; keel anteriorly 
supported by expanded coracoids. 

Laterosensory canal system in infraorbitals 
and opercular bones highly branched; canals 
more developed in larger individuals. Mouth 
obliquely aligned relative to horizontal axis 
of body. Upper jaw very long relative to 
head length; posterior tip of maxilla extend- 
ing posteriorly to vertical through posterior 
tip of second infraorbital; relatively more 
elongate in smaller individuals. Third infra- 
orbital not in contact with preopercle ven- 
trally. Adipose eyelid with notch in region of 
orbital margin where second and third in- 
fraorbitals meet. 

Teeth in both jaws conical, in single row, 
varying in size. Premaxilla with 3 small ca- 
nines of similar size, one in anterior and one 
in posteriormost portion; third canine some- 
times slightly smaller, intermediate in posi- 
tion to 2 others and usually separated from 
posteriormost canine by 2 or 3 small conical 
teeth. Several small conical teeth located be- 
tween anterior and middle canines. Maxilla 
with slightly enlarged conical teeth separated 
by smaller teeth of similar size; teeth grad- 
ually becoming smaller posteriorly. 

Dentary with well-developed canine, ex- 
tending up into snout when mouth is closed, 
tip of canine reaching nostrils anteriorly. One 
smaller dentary canine, about half size of 
largest, followed by another smaller conical 
tooth anteriorly; canines posterior to largest 
canine progressively decreasing in size; den- 
tary canines separated by conical teeth of 
various sizes. Teeth on ectopterygoid and 
mesopterygoid very small and conical. No 
teeth on metapterygoid. 

Scales without distinct serration. Scales 
small on dorsal portions of body; scale size 
increasing towards lateral line with largest 
scales along lateral line; scales on region dor- 
sal to anal fin small. Scales along pre dorsal 
midline very small and arranged in some- 
what irregular rows. Row of scales forming 
keel from posterior portion of coracoid to 
pelvic-fin base less rounded in shape than 
those covering the rest of the body. Scales 
below lateral line obliquely arranged. Later- 
al-line scales with many divergent branches 
of lateral-line canal. Divergent branches 
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more developed in larger individuals; dorsal 
and ventral branches of lateral-line canal 
starting to develop in specimens of 110 mm 
SL. Lateral-line canal extending to posterior 
tip of middle caudal-fin ray. 

Dorsal-fin rays 11,10. Dorsal-fin origin 
slightly posterior to vertical through anal-fin 
origin. First basal dorsal-fin pterygiophore 
inserting behind neural spine of 19th to 21st 
vertebrae. Distal margin of dorsal fin straight 
to somewhat concave. First anal-fin ptery- 
giophore inserting behind hemal spine of 
22nd to 24th vertebrae. Distal margin of anal 
fin straight. Scales covering basal one-third 
to one-half length of anal-fin rays. Pectoral- 
fin rays i,15—17; fin pointed distally. Poste- 
rior tip of longest pectoral-fin ray extends be- 
yond vertical through anal-fin origin, and 
reaches vertical through dorsal-fin origin. 
Pelvic fin short; pelvic-fin rays i,7. Base of 
pelvic fin inserted at level of ventral profile 
of abdomen. Caudal fin forked, middle cau- 
dal-fin ray elongate, slightly longer than rays 
immediately dorsal and ventral to it, but its 
tip not extending to vertical through tip of 
dorsalmost principal ray. Distal margin of 
upper caudal-fin lobe somewhat concave, 
with lower lobe rounded. Scales covering 
only basal portion of caudal-fin rays, not ex- 
tending onto their branched portions. 

VERTEBRAE: 51(2), 52(6), 53(19), 54(5). 

COLOR IN ALCOHOL: Specimens retaining 
guanine on scales with silver coloration on 
sides of body and head (including lower jaw, 
except for tip) as far dorsally as horizontal 
through dorsal margin of orbit darker dor- 
sally, including tip of lower jaw. In many 
specimens dark pigmentation of dorsal por- 
tion of head extends onto dorsal half of op- 
ercle and around infraorbitals. Specimens 
lacking guanine with yellowish-tan ground 
coloration (dark tan in some specimens) on 
sides of body and head, slightly darker dor- 
sally. Specimens show varying degrees of 
guanine retention. A few specimens from the 
Rio Negro (MZUSP 32597) have an overall 
body coloration darker than the usual pattern 
exhibited by other specimens. Spot of dark 
pigmentation present on posteriormost por- 
tion of supracleithrum. Specimens retaining 
pigmentation on fins with dorsal fin dusky 
and distal half of pelvic fins and dorsal por- 
tion of pectoral fins (especially unbranched 
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Map of central and northern portions of South America showing geographic distribution of 


Cynodon septenarius (arrow indicates type locality). Some symbols represent more than one lot of 


specimens or locality. 


pectoral-fin ray) covered with dark chro- 
matophores. Distal half of anal fin with band 
of dark chromatophores. Adipose fin hyaline. 

GEOGRAPHIC DISTRIBUTION: Cynodon sep- 
tenarius occurs in the Rio Solimdes/Ama- 
zonas drainage east of the mouth of Rio I¢a 
(located close to the border of Brazil and Co- 
lombia), eastward into the Rios Negro, Bran- 
co, Trombetas, and Tapajos (fig. 25). Cyno- 
don septenarius also occurs in the Essequibo 
and Demerara Rivers in Guyana, and in the 
upper portions of the Rio Orinoco basin in 
Venezuela. Cynodon septenarius is found in 
sympatry with C. gibbus in a few localities 
within the Amazon basin (see geographic 
distribution of C. gibbus, for details). 

ETYMOoLoGy: The specific name, septenar- 
ius, is a Latin adjective which means “‘con- 
sisting of seven,’’ in reference to the seven 
branched pelvic-fin rays that distinguishes 
this species from its congeners, C. gibbus 
and C. meionactis. 

REMARKS: Three specimens (MZUSP 
32597, 2 specimens and MZUSP 32585) of 


Cynodon septenarius have 8 branched pel- 
vic-fin rays, the former having 7 on the right 
side, and the latter 8 on both sides, and 1 
specimen (MZUSP 32590) has 6 pelvic-fin 
rays (table 2). Since these atypical specimens 
belong to lots with other specimens with 7 
branched pelvic-fin rays, and, in addition, 
lack the band of dark pigmentation at the 
caudal-fin base characteristic of C. gibbus 
and C. meionactis, and have relatively large 
orbital diameters, they were herein assigned 
to C. septenarius. 

MATERIAL EXAMINED: 187 (51, 94.5-312): 

TYPE MATERIAL: Holotype: BRAZIL. 
Amazonas: MZUSP 32590 (247.0 mm SL) 
Rio Tefé, Supia-Pucu (between 3°40’ and 
4°20’'S; 65°50’ and 65°10’W), collector: Mi- 
chael Goulding, 28 July 1979; paratypes: 
BRAZIL. Amazonas: MZUSP 53306 (9, 
204-—248.0), CAS 204164 (2, 223.0—230.0), 
INPA 14531 (2, 237.0—240.0), MCP 21735 
(2, 232.0—235.0), MNRJ 18171 (2, 240.0-— 
243.0), USNM 352434 (2, 240.0—245.0) all 
taken with holotype. 
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TABLE 2 
Frequency Distribution of Pelvic-Fin Rays in 
Cynodon species 


Pelvic-fin rays 


Species 6 7 8 
C. gibbus — 3 58 
C. septenarius 1 44 3 


NONTYPE MATERIAL: BRAZIL Amazonas: 
INPA 5451 (1, 167.0) Rio Uatuma, at Bal- 
bina dam; INPA 5512 (1, 165.0) Rio Uatu- 
ma, Sumatima (= Samatima?); INPA 5347 
(1, 212.0) Rio Uatuma, Igarapé Anaua; INPA 
5509 (1, 159.0) Rio Uatuma, Santa Luzia; 
INPA 5821 (5, 175.0—-187.0) Rio Negro; 
INPA 8493 (3, 106.1—138.2) Rio Negro, be- 
tween Taruma and Taruma-Mirim; MZUSP 
31129 (1, 200.0); MZUSP 32605 (2, 177.0-— 
196.0) Rio Negro, Ilha de Tamaquaré; 
MZUSP 6145 (4, 174.0—182.0) Rio Negro, 
above Manaus; MZUSP 6196 (2, 164.0— 
189.0) Igarapé Jaraqui, left margin of Rio 
Negro, above Manaus; MCZ 21409 (1, 
191.0) Rio Negro, Lago do Aleixo; MZUSP 
32599 (2, 206.0—208.0) Rio Negro, Sao Pe- 
dro; MZUSP 32597 (7, 200.0—213.0), 
MZUSP 32598 (1, 168.0) Sao Gabriel da 
Cachoeira; MZUSP 32601 (1, 194.0) Rio 
Negro, Anavilhanas; MZUSP 32603 (2, 
187.0—213.0) Rio Negro, Cachoeira do Bi- 
cho-Acu; NMW 57111 (1, 171.0), mouth of 
Rio Negro; MZUSP 21707 (4, 170.0—190.0) 
Lago Janauaca and surroundings, Rio Soli- 
moes; MZUSP 26933 (1, 212.0) Lago Jan- 
auacaé and around Manaus; MCZ 150891 (1, 
191.0), MZUSP 32602 (1, 168.0) Rio Mar- 
auiad, near mouth; MZUSP 32604 (3, 213.0— 
239.0) Rio Marié, Lago do Curuaé-Muru; 
MZUSP 32590 (20, 204.0—247.0) Rio Tefé, 
Supia-Pucu; MZUSP 32591 (24, 139.0- 
226.0) Rio Tefé, Mastro; MNHN 1909 0300 
(1, 189.0) Rio Tonantins; MZUSP 32600 (1, 
199.0) Rio Arirara, near mouth; Pard: INPA 
5325 (1, 161.0) Rio Trombetas, below Cach- 
oeira Porteiras MZUSP 32586 (3, 164.0— 
202.0) Rio Trombetas, Cumina; MZUSP 
5415 (11, 174.0—-184.0) Rio Trombetas, 
Oriximina; INPA 5367 (1, 203.0) Rio Trom- 
betas, Lago Tapagem; MZUSP 15641-15647 
(8, 164.0—202.0) mouth of Lago do Leonar- 
do, Reserva Biolé6gica de Trombetas; INPA 
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7116 (2, 225.0) Rio Cupari, tributary of Rio 
Tapaj6s, near mouth; MZUSP 21389 (1, 
183.0) Rio Tapajos, Sao Luts; MZUSP 
32585 (55, 164.0—236.0) Rio Tapajés, be- 
tween Itaituba and Sao Luis; INPA 7115 (2, 
208.0—209.0) Rio Cupari, tributary of Rio 
Tapajos, near mouth; INPA 5334 (1, 214.0) 
Rio Tocantins, Itupiranga; Roraima: MZUSP 
32596 (2, 202.0—205.0) Rio Branco, Xeriuni. 
GUYANA. AMNH 223193 (2, 109.6—140.5), 
AMNH 223192 (1, 229.0), FMNH 53513 (1, 
210.0), CAS 79232 (1, 312.0) Malali; FMNH 
53514 (2, 94.5-200.0), CAS 79231 (2, 
228.0—282.0) Wismar; AMNH 72950 (1, 
253.0) confluence of Mazaruni and Cuyuni 
Rivers, about 100 m off Kartabo Point; 
AMNH 17634 (1, 147.0) Guyana; VENE- 
ZUELA. Amazonas: ANSP 159592 (10, 
180.0—235.0) Rio Sipapo, mouth of lagoon 
ca. 3 km above Pendare; ANSP 161553 (4, 
181.0—215.0) Rio Cunucunuma ca. 40 km 
from confluence with Rio Orinoco; ANSP 
161555 (3, 205.0—222.0) Rio Cunucunuma 
ca. 40-50 km above confluence with Rio 
Orinoco; ANSP 161554 (3, 193.0—215.0) 
Rio Orinoco at sand playa just upstream from 
Quiratare; ANSP 161557 (1, 199.0) rocks on 
western shore of Rio Casiquiare ca. 2 km 
downstream from mouth of Rio Pamoni. 


Genus Rhaphiodon Agassiz, 1829 


Rhaphiodon Agassiz, 1829: 59 (type species: 
Rhaphiodon vulpinus). 

Rhaphiodontichthys Campos, 1945: 473 (type 
species Rhaphiodon vulpinus by original des- 
ignation). 


See remarks under Genus Cynodon for 
question related to the nomenclature of Rha- 
Phiodon. 

DIAGNOSIS AND DISTRIBUTION: Same as R. 
vulpinus, below. 


Rhaphiodon vulpinus Agassiz, 1829 


Rhaphiodon vulpinus Agassiz, 1829: 76, pl. 26 
(original description, type locality: Brazil). 
@ Evermann and Kendall, 1906: 85 (collection 
locality unknown, market at Buenos Aires, Ar- 
gentina). @ Fowler, 1906: 467 (description, Pe- 
ruvian Amazon, specimen not examined). @ Ei- 
genmann and Bean, 1907: 667 (Brazil, lower 
Amazon). @® Eigenmann and Ogle, 1907: 31 
(Paraguay). @ Eigenmann, 1910: 444 (literature 
compilation). @ Bertoni, 1939: 56 (upper Rio 
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Parana, identification based on location). @ 
Fowler, 1945: 157, fig. 49 (literature compila- 
tion); 

—1950: 332 (literature compilation). @ Nelson, 
1949: 495-523 (morphology). @ Schultz, 1950: 
49 (Argentina, Paraguay, Amazon). @ Lowe- 
McConnell, 1964: 110 (Guyana, Rupununi Riv- 
er system). @ Ringuelet et al., 1967: 167 (Rio 
Parana and Rio de la Plata systems, based on 
location). @ Britski, 1972: 82, fig. 4 (literature 
compilation, fishes from the state of SAo Paulo, 
Brazil). @ Nielsen, 1974: 45 (Hydropardus ra- 
pax Reinhardt, 1849 placed as a synonym). 
@ Saul, 1975: 112 (Ecuador, Rio Aguarico, 
specimen not examined). @ Howes, 1976: 205— 
229 (myology, functional morphology). @ Les- 
iuk and Lindsey, 1978: 991-997 (Brazil: Rio 
Negro, functional morphology). @ Géry and 
Poivre, 1979: 1—4 figs.1—4 (description of ju- 
venile teeth). Mendes dos Santos et al., 1984: 
40 (Brazil, Rio Tocantins; photograph, descrip- 
tion). Géry and Mahnert, 1984: 174 (Ecuador, 
Rio Napo system, specimen not examined). 
Lauzanne and Loubens, 1985: 56, fig. 52 (Bo- 
livia, Rio Mamore: Trinidad). @ Di Persia and 
Neiff, 1986: 612 (list of species from Rio Uru- 
guay system). @ Géry, 1986: 66, pl.6a, b (key 
to cynodontine species). ® Ortega and Vari, 
1986: 10 (Gin list of freshwater fishes of Peru). 
@ Ferreira et al., 1988: 344 (Brazil, Roraima, 
Rio Mucajai, specimen not examined). Gould- 
ing et al., 1988: 127 (Brazil, Rio Negro). @ Gal- 
vis et al., 1989: 122 (Colombia, Rio Meta sys- 
tem, specimen not examined). Arandas-Rego 
and Pavanelli 1990: 99 (parasitized by proteo- 
cephalids Cestoda, Brazil, at Salobra, Mato 
Grosso; identification based on location). Bar- 
riga, 1991: 30: (in list of freshwater fishes of 
Ecuador, common name). @ Taphorn, 1992: 439 
(description, Venezuela, Apure). 

Cynodon vulpinus: Cuvier, 1829: 312 (named in 
a footnote to the description of Hydrocyon). 
@ Valenciennes, 1849: 329 (Brazil; description). 
® Giinther, 1864: 359 (based on Valenciennes, 
1849). @ Kner, 1859: 47 (Brazil; description, not 
able to associate with a specific specimen at 
NWM). @ Peters, 1877: 472 (Venezuela, Cala- 
bozo, specimen not examined). @ Steindachner, 
1883: 15 (Peru, Rio Huallaga; description). 
@ Perugia, 1891: 49 (Rio Paraguay and Rio de 
La Plata systems, identification based on loca- 
tion). @ Boulenger, 1898: 426 (Brazil, Rio Ju- 
rua). @ Goeldi, 1898: 463, 483 (common name, 
literature compilation). @ Pellegrin, 1899: 157 
(Venezuela, Apure); 1909: 150 (Brazil: Santa- 
rém, Rio Negro, Tabatinga). Devincenzi, 1924: 
172 (Rio Uruguay, Concordia, identification 
based on location). @ Devincenzi and Barattini, 
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1926: pl.12 (Uruguay). @ Devincenzi and 
Teague, 1942: 82 (Rio Uruguay; diagnosis, 
identification based on location). @ Eigenmann 
and Kennedy, 1903: 528 (Paraguay, Rio Para- 
guay, Asuncion). 

Raphiodon vulpinus (genus name misspelled): 
Miller and Troschel, 1844: (Brazil); 1845: 19 
(identical to Miller and Troschel, 1844). 
® Cope, 1878: 688 (upper Amazon, specimen 
not examined). @ Eigenmann, 1906: 524, pl.11 
(photograph of head); 1907: 154 (Paraguay, 
identification based on location). Starks, 1913: 
20 (Brazil, Para; description). @ L6pez et al., 
1984: 76 (Uruguay, Rio Ururguay, Salto 
Grande dam, identification based on location). 
® Godoy, 1987: 192-193 (Brazil: Santa Catar- 
ina, figured). 

Hydropardus rapax Reinhardt, 1849: 46—57 (orig- 
inal description; type locality: Uruguay, Mon- 
tevideo). 

Cynodon vupinus: (species name misspelled) Ei- 
genmann and Eigenmann, 1891: 59 (literature 
compilation). 

Rhaphiodon vulpinum: (species name misspelled) 
Eigenmann and Allen, 1942: 271 (Peru, Rio Pa- 
caya; common name). @ Schultz, 1944: 273 (lit- 
erature compilation); 

Rhaphiodontichthys vulpinus: Campos, 1945: 473 
(Brazil: Rio Amazonas; description). @ Mago 
Leccia, 1970: 74 (in list of species from Ven- 
ezuela). @ Cala, 1977: 9 (Colombia, Rio Ori- 
noco system, specimen not examined). 

Raphiodontichthys vulpinus (generic name mis- 
spelled): Machado-Allison, 1987: 134 (Vene- 
zuela, Llanos, specimen not examined). 


DIAGNOsIS: Rhaphiodon vulpinus can be 
distinguished from all other cynodontines by 
the placement of the dorsal fin on the pos- 
terior third of the body length (figs. 26, 28) 
(predorsal distance being 69.3—74.4 versus 
52.2—61.1 of SL in all other cynodontines), 
by its very elongate body relative to its depth 
(body depth at dorsal-fin origin 12.7—19.6 
versus 19.1—33.7 of SL in all other cynodon- 
tines), and by a higher number of vertebrae 
(62—68 versus 44—54 in all other cynodon- 
tines). It can be further distinguished from all 
Hydrolycus species by the insertion of the 
dorsal fin slightly posterior to the vertical 
through the anal-fin origin (anterior to that 
point in Hydrolycus) and from Cynodon by 
the lower number of anal-fin rays (38—50 
versus 61—80 in Cynodon). 

DESCRIPTION: (table 3) Body very elongate, 
compressed laterally, greatest body depth at 
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Fig. 26. Rhaphiodon vulpinus, MZUSP 32809, 305 mm SL, Brazil, Para, Rio Xingu, Belo Monte. 


vertical through pectoral-fin origin, depth de- 
creasing posteriorly. Dorsal profile of head 
slightly concave, ranging from barely con- 
cave to straight in specimens smaller than 50 
mm SL; degree of concavity varies depend- 
ing on degree of bending in region posterior 
to head at time specimen was preserved. Pre- 
dorsal profile of body straight to slightly con- 
cave; slightly posteroventrally slanted at dor- 
sal-fin base, proportionally less slanted from 
that point to vertical through last anal-fin ray; 
concave between latter point and origin of 
dorsalmost procurrent caudal-fin ray. Ventral 
profile of body convex to pelvic-fin origin, 
convexity more pronounced anteriorly, less 
so between vertical through innermost pec- 
toral-fin ray and pelvic-fin origin; straight to 
anal-fin origin, posterodorsally slanted along 
anal-fin base, straight to origin of ventral- 
most procurrent caudal-fin ray. Ventral sur- 
face of body with keel from isthmus to anus, 
interrupted at vertical through pelvic-fin 
base; keel anteriorly supported by expanded 
coracoids. 

No serrations at margin of opercular 
bones. Laterosensory canal system in in- 
fraorbitals and opercular bones highly 
branched; canals progressively more pro- 


nounced in larger individuals, canals absent 
in specimens under 50 mm SL. 

Mouth obliquely aligned relatively to hor- 
izontal axis of body, angle of mouth relative 
to horizontal plane varying depending on de- 
gree of flexure posterior to head at time of 
specimen preservation. Upper jaw very long 
relative to head length; posterior tip of max- 
illa extending slightly beyond vertical 
through posterior tip of second infraorbital in 
specimens under 40 mm SL, progressively 
shorter in larger individuals, not reaching 
that point in the largest specimens examined. 

Second and third infraorbitals not in con- 
tact with preopercle posteriorly. Snout short- 
er than orbital diameter. Adipose eyelid with 
notch in region of orbital margin at vertical 
through middle of second infraorbital. 

Teeth in both jaws conical, in single row, 
varying in size. Teeth in upper jaw partially 
covered by skin laterally, smaller teeth only 
with tips apparent. Premaxilla delimited by 
one canine anteriorly and one canine, slightly 
smaller, posteriorly; one large conical tooth 
located between two canines, placed closer 
to posteriormost canine; several small coni- 
cal teeth between anterior and posteriormost 
canines; maxilla with conical teeth of vari- 
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TABLE 3 
Morphometric and meristic data of holotype of Rhaphiodon vulpinus, MHNN 822; holotype of 
Hydropardus rapax, ZMC 183; and all other specimens of Rhaphiodon vulpinus from which mea- 
surements were taken. Specimens from upper Rio Xingu, Brazil, MZUSP 32808, included. See text 
for details on counts indicated below by an asterisk. Dashes indicate proportions that could not be 
determined because of the condition of the specimen. 


Rhaphiodon vulpinus 


Character MHNN 822 ZMC 183 n range mean 
MORPHOMETRICS 
Standard length 303.0 623.0 62 68.9—604.0 
Body depth at pelvic-fin origin 12.9 — 58 13.3-19.9 F655 
Body depth at dorsal-fin origin 13.3 14.8 62 12.7-19.6 15.0 
Body depth at pectoral-fin origin 15.1 18.1 62 16.0—21.2 18.4 
Snout to dorsal-fin origin Gee) 69.8 61 69.3-—74.4 FS 
Snout to pectoral-fin origin 28, S| 220) 62 20.9—25.4 2.1 
Snout to pelvic-fin origin 60.4 — 59 57.4—63.3 60.0 
Snout to anal-fin origin 70.0 68.4 62 67.4—73.2 69.6 
Eye to dorsal-fin origin 65.3 62.4 62 61.0—68.0 64.5 
Dorsal-fin origin to caudal-fin origin 28.2 28.9 62 26.5—32.8 28.8 
Dorsal-fin origin to adipose fin origin 17.0 18.6 61 15.3-19.8 | EB 
Pectoral-fin origin to anal-fin origin 48.2 48.8 61 42.2—54.7 48.6 
Caudal-peduncle length 6.7 Zia 61 6.2-8.3 Ea 
Caudal-peduncle depth BS 5.8 62 5.3-7.3 6.2 
Head-length 19:3 18.5 62 17.2—22.5 19,3 
Snout length 26.4 28.4 62 25.2—29.3 26.9 
Orbital diameter 20.0 17.8 61 17.5—26.6 21.6 
Interorbital width 16.8 20.7 61 14.7-19.4 Fae 
Postorbital length 55.0 55:9 62 46.5-58.9 52.6 
Dorsal-fin base 5:3 a 62 4.4—6.5 533 
Dorsal-fin length — 9.4 54 8.6—-12.2 10.0 
Anal-fin base 20-0) 24.1 62 23.6—28.4 26.3 
Pectoral-fin length — — 47 20.9—29.2 24.3 
Pelvic-fin length — — 52 4.4-6.6 5.6 
Upper jaw length 69.3 69.7 62 67.1—76.1 
Dentary canine length 17.6 19.3 60 12.1-18.3 16.1 
MERISTICS 
Scales along lateral-line series 135 1 De | 61 122—152* ISt2 
Scale rows above lateral line 29 — D2: 22-33 26.1 
Scale rows below lateral line 16 — 53 15-22 19.0 
Scale rows around caudal peduncle 37 QI 52 30-39 34.2 
Branched anal-fin rays 45 ah oF 38—50* 43.2 
Branched pectoral-fin rays 16 15 60 12-17 1533 
Gill-rakers on first ceratobranchial LF 18 56 15-21 17.6 


able size anteriorly, teeth gradually becoming 
smaller and of more similar size posteriorly. 
Dentary with one very well developed ca- 
nine extending through snout when mouth 
closed, tip of canine reaching nostrils ante- 
riorly; canine larger relative to head length 
in larger specimens; two conical teeth ante- 
rior to largest dentary canine, anteriormost 
smallest; canine teeth posterior to largest 
dentary canine varying in size, separated by 


small conical teeth; teeth gradually decrease 
in size posteriorly. Specimens under 60 mm 
SL with row of very small conical teeth in- 
ternal to main series posteriorly. Teeth on ec- 
topterygoid, mesopterygoid, and metaptery- 
goid small and conical. 

Scales without distinct serration. Scales 
small, larger laterally at level of lateral line. 
Scales along predorsal midline arranged in 
somewhat irregular rows. Scales below lat- 
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eral line obliquely arranged. Lateral-line 
scales with many divergent branches of the 
lateral-line canal. Divergent branches more 
pronounced in larger individuals; lateral-line 
canal without branches in specimens under 
60 mm SL; specimens of 180 mm SL with 
one ventrally and one dorsally directed 
branch of lateral-line canal. Lateral-line canal 
extending to posterior tip of middle caudal- 
fin rays. 

Dorsal-fin rays 11,10. Dorsal-fin origin lo- 
cated on posterior third of body length, 
slightly posterior to vertical through anal-fin 
origin. First basal dorsal-fin pterygiophore 
inserting behind neural spine of 35th (rarely 
34th) to 38th vertebrae. Distal margin of dor- 
sal fin slightly convex; diminutive scales on 
dorsal-fin base, extending one-fifth of dis- 
tance of fin ray on membrane between fin 
rays, to lesser extent on remaining rays, 
scales not as extensive in individuals under 
170 mm SL, absent in individuals under 60 
mm SL. First basal anal-fin pterygiophore in- 
serting behind hemal spine of 36th (rarely 
35th) to 38th vertebrae. Distal margin of anal 
fin straight. Anal fin covered with scales over 
half of length of fin rays, more so in larger 
specimens. No scales covering anal-fin rays 
in specimens under 60 mm SL. Pectoral-fin 
rays pointed distally. Posterior tip of longest 
pectoral-fin ray extending to a point far an- 
terior to vertical through dorsal-fin pelvic-fin 
origins. Pelvic fin very short. Pelvic-fin rays 
1,6—7. Pelvic fin pointed distally with first 
and second branched rays longest. Tips of fin 
reaching anus. Pelvic-fin base inserted at lev- 
el of ventral profile of abdomen. Caudal fin 
almost straight, dorsal lobe slightly convex; 
caudal fin covered with scales for approxi- 
mately two-thirds of length of middle rays; 
degree of coverage decreasing toward dorsal 
and ventral procurrent rays. Middle caudal- 
fin ray longest, its tip extending posteriorly 
to vertical through tip of dorsalmost principal 
ray, more pronounced in larger individuals, 
those under 60 mm SL without prominent 
middle caudal-fin ray. 

VERTEBRAE: 62(1); 64(4); 65(7); 66(10); 
67(8); 68(1). 

COLOR IN ALCOHOL: Specimens retaining 
guanine on scales with silver coloration on 
sides of body and head (including lower jaw, 
except for tip) as far dorsally as horizontal 
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through dorsal margin of orbit. Head and 
body tan to brownish dorsally, including tip 
of lower jaw. Specimens under 60 mm SL 
with silver coloration on abdominal region, 
remaining portions of body yellowish-tan 
ground coloration. 

Specimens lacking guanine with tan 
ground coloration on sides of body and head, 
slightly darker dorsally. Specimens from the 
Rio Negro have a much darker ground col- 
oration of body and head, with region of 
head around orbit and opercular region with 
more conspicuous dark pigmentation. Spec- 
imens retaining pigmentation on fins with 
dorsal fin slightly dusky; dorsal portion of 
pectoral fin covered with dark chromato- 
phores at its base and outermost fin rays. 
Caudal fin dusky posteriorly, sometimes with 
tips of fin-rays dark. Adipose fin hyaline. 

GEOGRAPHIC DISTRIBUTION: Main rivers 
and their tributaries in the Amazon basin 
from the Rio Ucayali system in Peru, east- 
ward to Rio Xingu in Brazil; Rio Tocantins 
and Rio Capim basins; lower to upper por- 
tions of Rio Orinoco basin; Rupununi River 
in the upper Essequibo River system in Guy- 
ana; Rio Parana/ Paraguay, and Uruguay ba- 
sin, south to Rio de la Plata in Argentina (fig. 
Dal); 

GEOGRAPHIC VARIATION: The population 
samples herein identified as Rhaphiodon vul- 
pinus from the Rio Orinoco, Rio Amazonas, 
Rio Paraguay-Parana, and Rio Uruguay sys- 
tems, except for a few specimens detailed be- 
low, either agree, or show a very large de- 
gree of overlap in all meristic and morpho- 
metric characters studied. 

Three large specimens (MZUSP 32808, 
578—604 mm SL) from the upper portions of 
the Rio Xingu in Brazil, have a considerably 
higher number of lateral-line scales (142 in 
one specimen, 150 in two specimens) and 
branched anal-fin rays (50 in all three spec- 
imens) compared to specimens from the re- 
maining portions of the species range (122— 
138 and 38—47 for lateral line scales and 
branched anal-fin rays respectively), includ- 
ing specimens from the lower portions of the 
Rio Xingu. Until more specimens from the 
region become available for study, the cited 
specimens are tentatively assigned to Rha- 
Phiodon vulpinus. 
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Fig. 27. 


Map of South America showing geographic distribution of Rhaphiodon vulpinus (type 


locality inexact = “‘Brasiliae fluviis’? [= rivers of Brazil]. Some symbols represent more than one lot 


of specimens or locality. 


See above under Color in Alcohol for geo- 
graphical variation in color patterns. 

REMARKS: Rhaphiodon vulpinus was de- 
scribed on the basis of a single specimen col- 
lected by Spix and Martius in the rivers from 
Brazil (“‘Brasiliae fluviis’’). The type locality 
of Rhaphiodon vulpinus was not located pre- 
cisely. Papavero (1971; map following page 
66) described the itinerary of the Spix and 
Martius collecting trip. Rhaphiodon vulpinus 
occurs in all portions of the Amazon basin 


where they collected. Within the Rio Parana 
system they collected in a few tributaries of 
the upper Rio Parana. Some specimens ex- 
amined in the present study come from the 
Rio Parana itself, and lower portions of a few 
of its tributaries. Therefore, its is possible 
that the holotype of Rhaphiodon vulpinus 
originated in the Rio Parana basin. Kottelat 
(1988) commented on the status of the Spix 
and Martius specimens that Agassiz used as 
the basis for his descriptions and cited the 
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Fig. 28. 


specimen in the collection of the Musée 
d’ Histoire Naturelle, Neuchatel (MHNN 
822) as the potential holotype. That specimen 
was examined in the present study (fig. 28) 
and it is herein regarded as the holotype of 
Rhaphiodon vulpinus Agassiz, 1829. The 
proportional depths at the pelvic- and pec- 
toral-fin origins in this specimen lie slightly 
outside the range observed for all other spec- 
imens used as the basis for the morphometric 
characterization of this species (table 3). The 
differences may be preservation artifacts in 
this very old specimen. 

The holotype of Hydropardus rapax Rein- 
hardt, 1849 (ZMC 183), herein placed in the 
synonymy of Rhaphiodon vulpinus, was also 
examined (fig. 29). The length of the dentary 
canine is relatively higher than the maximum 
value found in the remaining specimens of 
R. vulpinus in which this feature was mea- 
sured (19.3 versus 12.1—17.9 of HL for R. 
vulpinus). As mentioned in the description 
above, the dentary canine is larger relative to 
head length in larger specimens. Since the 
holotype of Hydropardus rapax is the largest 
examined specimen herein assigned to Rha- 
Phiodon vulpinus, the higher value for the 
relative size of the dentary canine observed 
in the specimen may be a function of its larg- 
er size. A few meristic features of Hydro- 
pardus rapax also lie outside the range pre- 
sented by the remaining Rhaphiodon vulpi- 
nus specimens (table 3). The holotype of Hy- 
dropardus rapax has 121 lateral line scales, 
27 scales around the caudal peduncle, and 37 
branched anal-fin rays (versus 122—125; 30— 


Rhaphiodon vulpinus, holotype, MHNN 822, 303 mm SL, Brazil. 


39, and 38—S0O, respectively, for Rhaphio- 
don vulpinus). The holotype of Hydropardus 
rapax comes from Montevideo, Uruguay. 
Whether the specimen was actually collected 
in Montevideo or was shipped from there to 
Europe may be resolved after translation of 
the original description published in Danish. 
As already mentioned above under Geo- 
graphic Variation, no meristic or morpho- 
metric differences were found among the 
samples examined that conform to any geo- 
graphical pattern. Specifically, specimens 
from the Rio Parand/Paraguay, and Uruguay 
basins do not show a tendency toward lower 
values for the meristic features mentioned 
above for Hydropardus rapax that could sug- 
gest that the latter would be distinct from 
Rhaphiodon vulpinus. 

Rhaphiodon is the most widely distributed 
cynodontine genus in South America and 
also the least speciose. Hydrolycus and Cy- 
nodon do not occur south of the Amazon ba- 
sin in the Rio Parané/Paraguay and Rio Uru- 
guay basins. Four Hydrolycus species were 
recognized two of which were previously un- 
described. Three Cynodon species were rec- 
ognized two of which was previously unde- 
scribed. Only one species was recognized 
within Rhaphiodon. Widely distributed char- 
aciform species, that occur throughout the 
major river drainages in South America (..e., 
Rio Orinoco, Rio Amazonas, Rio Paranda/Par- 
aguay and Rio Uruguay basins) are not lim- 
ited to cynodontines. Other examples include 
Curimatella dorsalis (Eigenmann and Eigen- 
mann, 1889), recently revised by Vari 
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Fig. 29. Rhaphiodon vulpinus, holotype of Hydropardus rapax, ZMC 183, 623 mm SL, Uruguay, 
Montevideo. 


(1992b), and Thoracocharax stellatus (Kner, 
1859), see Weitzman (1960: 220). 

MATERIAL EXAMINED: 420 specimens (63, 
68.9—623.0): 

TYPE MATERIAL: MHNN 822 (1, 303.0) 
Brazil; holotype of Rhaphiodon vulpinus Ag- 
assiz, 1829. ZMUC 183 (1, 623.0) Monte- 
video, Uruguay; holotype of Hydropardus 
rapax Reinhardt, 1851. 

NONTYPE MATERIAL: ARGENTINA. Buen- 
os Aires: AMNH 12251 (3, 163.0—215.0) 
Buenos Aires, Darsena Norte; _BMNH 
1881.7.2:17 (1, 604.0) R. Plate (= Rio de la 
Plata); CAS 113493 (1, 455.0); USNM 
55574 (2, 128.7—184.0) Buenos Aires; NMW 
68551 (2) La Plata; Santa Fé: MCZ 828 (1, 
252.0); NMW 57116 (2) Rosario; USNM 
126662 (3, 170.0-181.0) Argentina; BOLIV- 
IA. El Beni: AMNH 77450 (1, 56.8) Rio Ma- 
moré, Puerto Siles; AMNH 77507 (1, 168.0) 
Rio Mamoré, ca. 15 km S Limoquije; 
MNHN 1989 1466 (1, 293.0) Trinidad, La- 
guna Capital; BRAZIL. Amazonas: MCZ 
21379 (2, 319.0—-366.0) Villa Bella, Rio 
Amazonas at Parintins and environs; BMNH 
1893.4.24:30-—31 (2, 317.0—350.0); MNHN 
1909 0122 (1, 265.0) Manaus; USNM 
307310 (2, 182.0—197.0); USNM 308672 (1, 
188.0) ressaca at Ilha da Marchantaria; 
USNM 308643 (1, 81.6) near Manaus, Ca- 
maleao, ha da Marchantaria; MCZ 79141 
(1, 73.3) Lago Jacaretinga, near Manaus; 
MCZ 21383 2 (365.0—387.0) Parana do Jan- 
auari; MCZ 21373 (1, 321.0) Lago do Iran- 


duba; BMNH 1897.12.1:181 (1, 147.4) Rio 
Jurua; BMNH_ 1925.10.28:121-124 (4, 
350.0—379.0) Manacapuru; MZUSP 6537 
(14, 215.0—264.0), MCZ 21402 (4, 35.6— 
99.0) Lago Manacapuru; BMNH 1976.11.12: 
201—203 (3, 30.6—47.9); USNM 310941 (2, 
202.0—266.0) muddy igarapé connecting Rio 
SolimG6es and a blackwater lake ca. 15 km W 
of Coari; MZUSP 36093 (2, 291.0—327.0) 
Lago Pantaleao, mouth of Rio Japurd; 
MZUSP 36092 (1, 406.0) ressaca do Lago 
Urini, mouth of Rio Japura; MZUSP 36101 
(1, 470.0) Parana do Castanho, Lago Amana, 
mouth of Rio Japuré; MZUSP 27339 (1, 
296.0) mouth of Rio Japura, Rio SolimG6es; 
MCZ 21404 (1, 158.0) Rio I¢a, near the Bra- 
zilian-Colombian border; MZUSP 23338 (1, 
296.0) Rio Solimdes, Fonte Boa; MZUSP 
23453 (1, 276.0) Rio Solim6es, near Ilha 
Barurua, above mouth of Jutai; MZUSP 
23476 (1, 173.0) Rio Solim6des, near Ilha 
Xibeco, above mouth of Jutaf; MZUSP 
24936 (2, 228.0—295.0) Rio Solim6des, Lago 
Janauaca and surroundings; MZUSP 24957 
(6, 296.0—342.0) Lago Janauaca, right mar- 
gin of Rio Solimdes; MZUSP 26934 (1, 
309.0) Lago Janauaca, Manaus, and _ sur- 
roundings; MNHN 1994 0169 (3, 160.0— 
189.0) Rio Solimoes; MZUSP 13498 and 
13499 (2, 312.0—354.0) Rio Amazonas, Ita- 
coatiara; MZUSP 32813 (1, 330.0) Rio Ne- 
gro, Anavilhanas, Lago do Prato; MZUSP 
6143 (3, 274.0—463.0) Rio Negro, above 
Manaus; MZUSP 43317 (1, 394.0) Canta- 
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galo, Rio Negro; NMW 57092 (2), NMW 
57093 (5); NMW 57094 (1) mouth of Rio 
Negro; MCZ 21410 (3, 47.6—61.2) Rio Ne- 
gro, Lago do Aleixo; MZUSP 37873 (1, 
182.0) Igarapé Beem, Humaita; MZUSP 
6970 (1, 216.0) Rio Madeira, 25 km below 
Nova Olinda; MNHN 1909 0194 (1, 173.0) 
Tabatinga; MZUSP 23484 (2, 228.0—266.0), 
Lago do Prego, in front of Santo Antdnio do 
Ica; MZUSP 23518 (1, 280.0) Santo Anténio 
do Ica, mouth of Rio I¢4; MCZ 21390 (3, 
259.9—310.0) Rio Javari at the Peruvian-Bra- 
zilian border; MZUSP 24606 (1, 209.0) 
mouth of Rio Paciaé; MZUSP 6319 (1, 215.0) 
Lago Castro, mouth of Rio Purus; MZUSP 
6380 (2, 328.0—356.0) Rio Purus, Lago Be- 
ruri; NMW 57115 (1) Rio Purus; MCZ 
21376 (1, 310.0) Rio SolimG6es at Tefé and 
environs; MZUSP 6097 (5, 300.0—389.0) 
Lago Puraquequara, Rio Puraquequara sys- 
tem; MZUSP 7527 (1, 265.0) Parana de Uru- 
cara; Pard: CAS 71050 (2, 182.0—232.0), 
CAS 79265 (1, 391.0) Rio Santarém; 
MZUSP 23897 (1, 279.0) Rio Capim, near 
Badajos; MZUSP 23932 (6, 285.0-—346.0) 
Rio Capim, Vila Santana; CAS 71051 (1, 
221.0 mm SL) Rio Tapajés (into Rio Ama- 
zonas) at Santarém; CAS 79268 (1, 371.0) 
market at Santarém; MNHN 1909 0075 (1, 
176.0) Santarém; MZUSP 24237 (3, 324.0-— 
363.0) Rio Tapajos, Ilha Tapitna; MZUSP 
24247 (1, 363.0) Rio Tapajés, Aveiro; 
MZUSP 24314 (1, 384.0) Rio Tapajés, lake 
at Ilha do Campinho; MZUSP 24330 (3, 
319.0—410.0) Rio Tapajos, Barreirinha; 
MZUSP 32819 (12, 306.0—393.0) Rio Ta- 
pajOs, between Itaituba and Sao Luts; 
MZUSP 25299 (1, 444.0 right margin of Rio 
Tapajés, in front of National Park headquar- 
ters; MZUSP 25560 (1, 418.0) Sao Raimun- 
do, left margin of Rio Tapajos, ca. km 51 of 
highway BR 230; MZUSP 25567 (1, 370.0) 
left margin of Rio Tapajés, between National 
Park headquarters (km 67) and Ramal Santa 
(km 64); MZUSP 5628 (4, 308.0—351.0) 
Lago Paru, Oriximinaé; MZUSP 5677 (1, 
321.0) Rio Trombetas, mouth of Lago Paru; 
MZUSP 5414 (2, 252.0—256.0); MZUSP 
8258 (1, 247.0) Rio Trombetas, Oriximina; 
MZUSP 9429 (1, 332.0) mouth of Cumina— 
Miri, near Oriximinaéa; MZUSP 32810 (8, 
258.0—354.0) Rio Trombetas, Cumin4; 
MZUSP 32811 (17, 267.0—393.0) Rio Trom- 
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betas, 20 km above mouth; MZUSP 15769 
(1, 442.0) Rio Trombetas, igap6 at Lago do 
Farias, Reserva Biolé6gica de Trombetas; 
MCZ 21384 (1, 300.0), MCZ 21385 (1, 
300.0) Rio Tocantins, Cameta; MZUSP 
24077 (6, 169.0—203.0) Rio Tocantins, lake 
at the margins of Igarapé Espirito Santo be- 
tween Baiao and Tucurui; MZUSP 24175 (2, 
229.0—231.0) Rio Tocantins, Laguinho, near 
Tucurui; MCZ 821 (1, 358.0), MCZ 21399— 
21400 (3, 269.0—293.0) Belém and environs; 
MZUSP 24014 (2, 255.0—336.0) Parana Sa- 
matma, mouth of Rio Tocantins; MZUSP 
32820 (1, 327.0) Rio Itacaitinas, Serra dos 
Carajas, Igarapé guas Claras; MZUSP 32821 
(14, 281.0—396.0) Rio Itacaitinas, Caldeirao; 
AMNH 3937 (2, 274.0—282.0), CAS 122083 
(4, 266.0—285.0), NMW 57103 (1), NMW 
57104 (3, 259.0—294.0 mm SL), NMW 
57105 (5) Para; MZUSP 3550 (3, 313.0- 
328.0), CAS 79267 (1, 320.0) Belém; 
UMMZ 203388 (2, 240.0—263.0) market in 
Belém; CAS 158801 (1, 46.6) Lago Grande, 
into Rio Amazonas; MZUSP 23987 (5, 
238.0—280.0) Igarapé Sororoca, Furo de Pa- 
naquera; MZUSP 24005 (1, 282.0) Igarapé 
Coelho; MZUSP 31501 (1, 299.0), MZUSP 
32809 (40, 285.0—437.0) Rio Xingu, Belo 
Monte; MCZ 21397 (2, 432.0—435.0) Rio 
Xingu, cascade region; Roraima: MZUSP 
32816 (1, 415.0) Rio Branco, Marara; 
MZUSP 32817 (1, 363.0) Rio Branco, be- 
tween its mouth and Rio Xeriuni; MZUSP 
32818 (2, 361.0—366.0) Rio Branco, Cach- 
oeira do Bem-Querer; Maranhdo: CAS 
149264 (1) Lagem Marsal Brook, into Rio 
Tocantins at Carolina; CAS 71047 (1, 73.7), 
MA, represa (= dammed up) Lagem Marsal 
brook into Rio Tocantins; Goids: MZUSP 
40672 (4, 347.0—425.0); MZUSP 40864 (6, 
342.0—405.0 mm SL) Rio Parana, above 
mouth of Rio Bezerra, Monte Alegre de 
Goids; MZUSP 40775 (1, 370.0) Rio Parana, 
below mouth of Rio Sao Domingos, Nova 
Roma; MZUSP 40898 (2, 332.0—375.0) Rio 
Parana, above mouth of Rio Sao Domingos, 
Fazenda Barra, Sao Domingos; Rondénia: 
MZUSP 32806 (4, 329.0—378.0); MZUSP 
32807 (9, 196.0—403.0) Rio Madeira, Cala- 
ma; MZUSP 32812 (2, 194.0—363.0) Rio 
Madeira, Cachoeira do Teoténio; MZUSP 
13897 and 13898 (2, 302.0—358.0) Rio Ma- 
chado, Lago do Paraiso; Mato Grosso do Sul: 
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MZUSP 43923 (1, 341.0) Rio Parana, Rio 
Samambaia, municipality of Taquarucu; 
MZUSP 22622 (7, 295.0—332.0); MZUSP 
22515 (13, 284.0—350.0) Rio Parana, in front 
of Jupia; Mato Grosso: MZUSP 22812 (1, 
171.0) Rio Araguaia, Santa Terezinha; 
MZUSP 32808 (3, 597.0—600.0) Rio Xingu, 
confluence Rios Culuene and Sete de Setem- 
bro; SGo Paulo: MZUSP 23201 (2, 152.0— 
225.0) left margin of Rio Parana, Jupia dam; 
MZUSP 24386 (1, 446.0) Rio Tieté, Pena- 
polis; Parand: MZUSP 13225-13226 (2) Rio 
Parana, Porto Mendes; MZUSP 13227-— 
13231 (5); MZUSP 14699-14703 (5) PR, 
Rio Parana, Porto Verde; MZUSP 21631 (1, 
417.0) Rio Parana, Guaira, above Sete Que- 
das; MZUSP 43389 (1, 351.0) Rio Parana, 
Itaipu Dam, Municipio of Foz do Iguacu; 
MZUSP 43917 (1, 342.0), MZUSP 43918 (3, 
382.0—401.0) Rio Parana, Municipio of Por- 
to Rico; MZUSP 3121 (3, 242.0—326.0) 
Amazonas and Para; MNHN 4493 (1) Brazil; 
MNHN 1909 0318 (1, 252.0) Brazil; CAS 
71052 (1, 248.0) South America; CAS 78305 
(1, 148.0) aquarium specimen (died at the 
Steinhart Aquarium, San Francisco). ECUA- 
DOR. Napo: FMNH 103392 (1, 299.0) out- 
flow of Laguna Jatuncocha; FMNH 104997 
(2, 420.0) Rio Payamino, 14.1 km upstream 
from mouth in Rio Napo; FMNH 104998 (1, 
332.0) Rio Tiputini, near mouth in Rio Napo; 
MCZ 52354 (1, 318.0) Rio Payamino and 
small tributary ca. 5—6 km upriver from the 
mouth, into Rio Coca; GUYANA. BMNH 
1972.7.27:51 (1, 401.0) Rupununi River; 
CAS 16071* (mixed lot) (6), Guyana, Men- 
ari Ranch, near Lathan (Lethem?), border 
with Brazil. PARAGUAY. BMNH 1935-6.4: 
34-39 (6, 80.0—264.0) W Asuncion; BMNH 
1935-6.4:40 (1, 68.9) Asuncién bay; CAS 
18238 (1, 183.0 mm SL), Rio Paraguay, 
Asunci6én; USNM 181596 (1, 134.3) Rio 
Paraguay, Asunci6n Bay, near Asuncion; 
UMMZ 208059 (1, 460.0), Pettirossi fish 
market (= Mercado Quatro) in Asuncion 
(from ‘“‘San Antonio’”’); UMMZ 216640 (1, 
196.0) Rio Paraguay, Villeta between “‘el 
muelle y la barreria”’; NMW 57117 (1); 
USNM 55667 (1) Paraguay. URUGUAY. 
NMW 57114 (2) Uruguay. VENEZUELA. 
Delta Amacuro: CAS 50806 (1, 175.0) Rio 
Orinoco, between Puerto Ordez and Ciudad 
Bolivar; USNM 222870 (1) Rio Orinoco, 
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first small cafio on W side of Cafio Paloma, 
100 m above its mouth, 92 nautical miles 
upstream sea buoy; USNM 222871 (10, 
246.0—279.0), USNM 233619 (1, 253.0), 
USNM 233930 (1, 340.0) Rio Orinoco, inlet 
near Punta Cabrian, 150 nautical miles up- 
stream from sea buoy; USNM 222880 (1, 
265.0) Rio Orinoco, N shore near San Felix, 
176 nautical miles upstream from sea buoy; 
UMMZ 211306 (2, 145.0—249.0) lagoon of 
Rio Orinoco, 201 nautical miles from sea 
buoy Amazonas: FMNH 103650 (1, 434.0) 
pool behind beach of Rio Ventuari on S side 
of river ca. 5 hr. (ca. 12 km) above mouth in 
Rio Orinoco Laguna Pavon; FMNH 103651 
(1, 384.0) Rio Ventuari at beach and small 
backwater ca. 5 hr. above mouth; ANSP 
161180 (1, 345.0) cafio crossing Puerto Aya- 
cucho-El Burro hwy. Apure: ANSP 165773 
(1, 380.0) Rio Capanaparo, backwater lagoon 
(mouth of Cafio Las Varitas) near San Fer- 
nado de Apure-Puerto Haez hwy; Monagas: 
AMNH 47956 (1, 176.0) shore of Rio Ori- 
noco, Buoy 142 nautical miles downstream 
from Barrancas, north side Isla Varader inlet; 
USNM 222863 (1, 227.0) Rio Orinoco, small 
caflo near mouth of Cafio Guarguapo, 146 
nautical miles upstream from sea buoy; 
MNHN 1898 0024 (1, 256.0) Venezuela; 
PERU. Loreto: CAS 134788 (1, 76.5) Rio 
Ampiyacu; CAS 134789 (1, 130.0) Rio Am- 
piyacu, near Pebas; CAS 15726 (2, 207.0-— 
282.0); CAS 15727 (1, 264.0) Rio Pacaya, at 
the mouth, Bretana; CAS 79270 (2, 263.0— 
273.0) Rio Pacaya (upstream) small, slug- 
gish, brown lowland river, arising in lomas 
of Eastern Cordillera; into Rio Ucayali at 
Bretana, MZUSP 15219 (3, 101.0—125.0) 
Cafio Moema, Rfo Amazonas; MZUSP 
26447 (1, 32.0) Supaycocha, Jenaro Herrera; 
CAS 79266 (1, 410.0) Lago Cashiboya, a 
cutoff of Rio Ucayali (connected to river by 
a channel), above Contamana; MZUSP 
26729 (1, 210.0) Rio Ucayali, Pucallpa; 
USNM 280454 (1, 297.0) main channel and 
side pools of Rio Ucayali, approximately 10 
km upstream of Pucallpa; Amazonas: 
UMMZ 216909 (1, 287.0) Amazonas. 
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APPENDIX 1. CHARACTER SUMMARY 


ip. 


10. 


11. 
12. 


13. 


Fifth infraorbital. 0, well developed, without 
contact between fourth and sixth infraorbitals; 
1, greatly reduced, with posteroventral mar- 
gin of sixth infraorbital in contact with pos- 
terodorsal margin of fourth infraorbital. 


. Antorbital-lateral ethmoid contact. 0, no con- 


tact; 1, antorbital contacting ventral wing of 
lateral ethmoid along its entire lateral edge. 


. Antorbital. 0, flat, platelike, without medial 


process; 1, with a short medial, vertically 
aligned process at its posterior edge that ex- 
tends along posterior surface of ventral wing 
of lateral ethmoid; 2, with enlarged medial, 
vertically aligned process at its posterior edge 
that extends along posterior surface of ventral 
wing of lateral ethmoid. 


. Mesethmoid spine. 0, conical, or with a dif- 


ferent type of elaboration of its anterior por- 
tion (Vari, 1979: 278-279); 1, dorsoventrally 
developed, almost round in shape; 2, further 
expanded. 


. Ventral process of mesethmoid (sensu Starks, 


1926: 163). 0, absent; 1, present. 


. Orientation of ventral processes of meseth- 


moid. 0, ventrally oriented; 1, anteriorly ori- 
ented. 


. Vomer-mesethmoid contact. O, anterior sur- 


face of vomer without contact with posterior 
surface of ventral processes of mesethmoid; 
1, anterior surface of vomer contacting pos- 
terior surface of ventral processes of meseth- 
moid. 


. Diverging lamellae of the mesethmoid. 0, 


well developed; 1, reduced. 


. Portion of diverging lamellae of mesethmoid 


that contacts lateral surface of vomer. 0, cov- 
ering only upper anterior corner of the lateral 
surface of vomer; 1, covering most of lateral 
surface of vomer. 

Articular surface on lateral wing of meseth- 
moid. 0, absent; 1, present. 

Ventral crest of vomer. 0, absent; 1, present. 
Lateral arms of vomer. 0, continuous all the 
way to its anterior portion, almost proximate 
to articulation with mesethmoid (vomer is an 
inverted Y in cross section along its entire 
extension); 1, gradually reducing anteriorly 
extending just until posterior half of its ex- 
tension (only posterior portion of vomer is an 
inverted Y in cross section). 

Vomer-palatine contact. 0, articulation be- 
tween vomer and palatine made through car- 
tilaginous surface at other portions of these 
ossifications; 1, anterior portion of palatine 
with a cartilaginous surface contacting a car- 


14. 


LS! 


16. 
ye 


18. 


£9: 


20: 


rl. 


22, 


23. 


24. 


25 


26. 


OM 
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tilaginous surface at posterior portion of main 
body of vomer. 

Portion on vomer for articulation of maxilla. 
0, not modified in 1; 1, Presence of a shallow 
depression on its anterolateral surface where 
anterior tip of maxilla abuts. 

Ridge on lateral surface of vomer. 0, absent; 
1, present. 

Rhinosphenoid. 0, present; 1, absent. 

Lateral ethmoid-orbitosphenoid contact. 0, 
absent; 1, present. 

Parasphenoid and main portion of orbitosphe- 
noid. 0, well separated; 1, close to each other. 
Dilatator fossa. 0, not extending anteriorly on 
dorsal surface of frontal or if so, only to dor- 
soposterior edge of orbit; 1, highly devel- 
oped, extending anteriorly on dorsal surface 
of frontal beyond dorsoposterior edge of or- 
bit. 

Frontal shelf at posterodorsal edge of orbit. 
0, well developed; 1, reduced; 2, absent. 
Dorsal portion of sphenotic spine. 0, contact- 
ing ventrolateral margin of frontal; 1, not in 
contact with ventrolateral margin of frontal. 
Anterior shelf of frontal. 0, laterally expand- 
ed; 1, lacking; 2, ventrally expanded with 
curved margin; 3, ventrally expanded with 
straight margin 4; ventrally expanded and 
truncated posteriorly. 

Third posttemporal fossa bordered by epioc- 
cipital and exoccipital. 0, absent; 1, present. 
Dorsal posttemporal fossa. 0, present; 1, ab- 
sent. 

Neurocranium-first vertebra joint. 0, portion 
of basioccipital at neurocranium-vertebral 
joint not flared posteriorly; 1, portion of ba- 
sioccipital at neurocranium-vertebral joint 
flared posteriorly and forming a receptacle for 
first vertebra. 

Hyomandibula. 0, shaft of bone contacting 
preopercle without a process; 1, with a pro- 
cess, separate from main body of hyomandi- 
bula. 

Symplectic. 0, without posterior process con- 
tacting hyomandibula or if such a process 
contacts hyomandibula, it does not fit into a 
roofed over groove; 1, posterior portion ex- 
tending dorsally to distinctly fit into a roofed 
Over groove in medial face of lower arm of 
hyomandibula. 


. Metapterygoid teeth. 0, absent; 1, present. 
. Mesopterygoid teeth. 0, absent; 1, present. 
. Ectopterygoid teeth. 0, absent or not as in 1; 


1, very small, arranged in a patch covering 
most or all surface of ectopterygoid. 


. Ectopterygoid-metapterygoid contact. 0, ab- 


sent; 1, present. 
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Ectopterygoid-mesethmoid contact. 0, absent; 
1, present. 

Branchiostegal rays. 0, three or four rays; 1, 
five rays. 

Posterior ceratohyal. 0, with one attached 
branchiostegal ray; 1, with two attached bran- 
chiostegal rays. 

Lower jaw. O, dentary with no developed ca- 
nines or if canines developed not with one 
canine conspicuously more developed than 
others; 1, dentary with one canine of mod- 
erate to large size relatively more developed 
than remaining teeth; 2, dentary with a highly 
developed canine. 

Foramen in anterior portion of snout for den- 
tary canine. 0, not as in 1; 1, delimited an- 
teriorly and laterally by the premaxilla, pos- 
teriorly and posteromedially by ascending 
process of maxilla and anteromedially by vo- 
mer-mesethmoid, with ascending process of 
maxilla passing posterior to dentary canine. 
Replacement tooth trenches. O, not as in 1; 1, 
shallow, open replacement trenches with teeth 
in mandibular replacement trench horizontal- 
ly aligned, tip of replacement teeth projecting 
posteriorly. 

Gill-rakers along leading portion of first cer- 
atobranchial. 0, all elongate (teeth present or 
absent), or only the most anterior ones as in 
state 1; 1, all short, flattened, tooth-bearing 
bony plates. 

Spines on free upper edge of gill-rakers of 
first ceratobranchial. 0, only slightly larger 
than remaining spines on gill-raker, but never 
prominent as in state 1; 1, considerably larger 
than those on surface. 

Anterior portion of first hypobranchial. 0, 
unelaborated; 1, anteroventrally prolonged, 
into a prong-shaped process extending from 
ventrolateral margin of its main body. 
Anterior portion of first ceratobranchial. 0, 
straight, not forming an angle relative to lon- 
gitudinal axis of remaining portion of that os- 
sification; 1, slightly dorsally directed, form- 
ing an angle relative to its longitudinal axis; 
2, Dorsally directed portion of first cerato- 
branchial relatively longer and angle more 
pronounced than in 1. 

Ventral processes on first centrum. 0, absent; 
1, present. 

Contact between neural complex of Weberian 
apparatus and posterior margin of neurocra- 
nium. 0, absent; 1, present. 

Transverse process of second vertebra. 0, ab- 
sent; 1, very developed, with distal bifurca- 
tion. 

Lateral process of second centrum. 0, single 
structure extending laterally; 1, dorsoventral- 
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ly expanded with two short processes at ar- 
ticular surface at its distal end; 2, dorsoven- 
trally flat and with no processes as in 1; 3, 
triangular-shaped flat sheet of bone, from a 
dorsal view, extending laterally and posteri- 
orly under tripus. 

Lateral process of third centrum. 0, absent; 1, 
originating ventral to transverse process of 
second vertebra that is in contact with trans- 
verse process of third neural arch; 2, origi- 
nating posterior to transverse process of sec- 
ond vertebra that is in contact with transverse 
process of third neural arch. 

Bladelike portion of tripus. 0, not elongate; 1, 
anteriorly elongate. 

Transformator process of tripus. O, thin 
curved process with no modifications at its 
median end; 1, distal portion of process form- 
ing a 90° angle with anterior portion, and end- 
ing in enlarged rectangular bony plate. 
Fourth pleural rib + parapophysis. 0, plate- 
like lateral process; 1, with enlarged distal 
end forming a basal plate. 

Process on posteroventral portion of fourth 
centrum attached by ligament to process on 
anterior portion of fifth centrum. 0, absent; 1, 
present. 

Process on anteroventral portion of fifth ver- 
tebra. 0, absent; 1, present; 2, greatly devel- 
oped. 

Fifth pleural rib. 0, not as in 1; 1, relatively 
very short, with two processes on flattened 
proximal portion, one medially and other pos- 
teriorly directed, distal portion very slender. 
Parapophysis of precaudal vertebrae. 0, not 
articulating with anterior vertebra; 1, articu- 
lating with anterior vertebra. 


. Baudelot’s ligament. 0, not connected to lat- 


eral process of second vertebra; 1, connected 
to lateral process of second vertebra. 


. Second postcleithrum. O, present; 1, absent. 
. Third postcleithrum. 0, present; 1, absent. 
. Posterodorsal foramen in coracoid. 0, absent 


or if present not enlarged as in 1; 1, very 
enlarged. 


. Coracoids. 0, not expanded; 1, expanded. 
. Coracoids. 0, not fused or corrugated; 1, 


fused and having a corrugated pattern. 


. Mesocoracoid. 0, small, its dorsal tip reaching 


midlength of vertical portion of cleithrum; 1, 
enlarged, with broad articular surfaces with 
cleithrum and coracoid, its dorsal tip reaching 
midlength of vertical portion of cleithrum. 
Articulation of scapula with medial surface of 
cleithrum. O, not shifted posteriorly with 
scapular foramen covered by cleithrum; 1, 
shifted posteriorly with scapular foramen ex- 
posed in lateral view. 
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62. Anterior portion of cleithrum articulating arate hypural elements; 1, hypurals 1—3 fused 
with anterior margin of coracoid. 0, not end- into a single unit; 2, hypurals 2—3 fused into 
ing in a distinct process; 1, forming a verti- a single unit. 
cally elongate process with its anterodorsal 66. Anteromedial branch of anterior epineural. 0, 
tip pointed; 2, forming a vertically elongate not contacting neural complex of Weberian 
process with its anterodorsal portion forming apparatus; 1, contacting neural complex of 
a continuous curve. Weberian apparatus. 

63. Pelvic-fin insertion. 0, at ventral profile of ab- 67. Myorhabdoi. 0, absent; 1, present. 
domen; 1, dorsally, far from theventral profile 68. Scales. 0, cycloid; 1, with serrations on ex- 
of abdomen. posed portion. 

64. Branched anal-fin rays. 0, 60 or less; 1, more 69. Fringelike appendices along lateral surface of 
than 60. posterior chamber of gasbladder. 0, absent; 1, 

65. Hypurals. 0, hypural fan consisting of six sep- present. 
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